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introduction

<

Mever again will there be a time'in this
mountry when Amaricans will not have o
werry about and work hard o protact and
smprave cur envienment 7o succeed in
inig tash, we need 10 nEve and 10 ,hf-rfa as
much irformation as we can‘about what is
happenring .1 the many areas that make
uD the envirgnmernt,
Envwofmental Trerds is an eficri toward
inal goal. It grew out of a realizaticn that
tne Councit wantesd to make avaiiable
rmore detatied information about enviren-
mental trends than could Be inciuded in
e Councd’s annuat report,
We initiady considerén putting iogether, 1
cooperation with other government agen-
‘cwes, g single index of environmental
quasnty, an environmenta! GNF. We scon
fourd thai no single measure and no
single index could telt us in a meaningtul
and valid way what the state of the envi-
ronment was and whether or not it was
ICTOVIng.
what we drd was organize the best data
we could fmd to highlight trends in all
sectors relevant to environmental policy.
We selecled data on air quality, water
quality, radiation, toxic substances, land
use and land conditions, parxs, energy
production and use. wildiife, sclid waste,
aany ohes

ares,

Tne result is Environmental Trends, a
_ollection of charts, maps, and text that
record key changes in the environmert
and 1n retated social conditions. Envircn-
mental Trevds is intendad ic D a rate 3l
prietic 7 hook thaa brings 1o life the many
numoers and lig res that Teasure envi -
sanmendai glality

As work © .gah on Envircnmental Trends,
we realized that the range of iopics to be
cevered was ensrmous. The numper of
statistical series was even larges. There
were olten many measures of change, or
none. Many series did not measure quite
what we were seeking—environmentai
changes assoc.ated with economic wel-
fare. human health, recreational opporii:-

nity, aesthetic appreciation, and concern

for ecological civersity and stability. It De-
carne ouf-task to sort out the useful from
the ss usefui and bring together the,
most important and informative data on
environmental conditions and trends that
couv'd be foung.

Five criena were used.to help u,dge the
ysafuiness and adequacy of the statistic~:
(1} Relevancy—that a statistical series
provides data, wherever possible thircugh
direct measure, on a major environmental
concern,
(2) Selectivity—tha! as few statistical

series as possible be used to measure an,

env;ronmerﬂal issue.

{3) Avanablhty—-that the statistical
serigs be taken from data available in
government agencies, private studies, or
the literatusre of a given discipline.

(4) Sta?&ical quality—that the data be
checked by experts to ensure that they
are reasonably valic measdres ¢f environ-

-entat condition:,

(5) &: ope of coverage—-xhat netlonal
data be used whenever possible, with
breakdowns shown only when especially
meaningful. :

Improving environmental statistics is an
avoiutionary process. The agencies of
government that collect and assemble
enviroamental statistics are continually
revismg okd series and Geveioping new
ones. We hope that Environmental Trends
wif be a useful toot in helping to develog'a
consensus ©on some of the most importarnt
statistical series for measuring environ-
menta} quality, by haghngmmg gaps in

‘needed information and by strengthening

the guality of existing series. /
What, then, does the information in Envi
ronmental Trends tell st Has the quality of
the environment improved in recent years?
In what areas is change most noticeable?

Perhaps the gr2atest progress has been
made in conavlling pollution. Concentra-
tions of many pollutants aré showing
measuratie decline. -

Total suspended particulates and sulfur
dioxide concentrations in urban air have
beer. reduced. . ¥

Concentrations of suspended solids and
biological oxygen demand are dechnur*g in
many wateiways. .

There as been a marked reduction in
the flow into the environment of DDT and
other peralsteni organochlonne Desﬂc:de»
and of PCBs; of vinyl chioride: v . ven-
zene: of asbestos; and of mercury, lead, N\
and other heavy metals.

Higty concentrations of these and otrer
chemicals in wildlife have dcelined. as
shown by “amp'e taker 210, the
coant v i

W G 'mmber of swrces of radia- -
tion are n'.,reasmg there hau been no
significant increase in the expasu'e of the -
general population.
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There has been 2 continual loss of -«
" biglogice! diversily.
Althugh very few species of verte-

But g /.sc/'mrob!ems remain. Although.
WL{ 0ads are peing reduced, they are
als0 peng dispersed over bang distances
dnd deposiied hurcreds of mies avay
from e source.

Crver forms of ar and waler pallution,
| sw* 2 photochemica! oxidants ana
nif !Lg.en oxides in urban air, respirable
Particulates in indoor aimadpheres, and
tonc substances in wales, are proving f0
be morg senous 1ha,,orﬁe beleved. For
many of thegg. proolems statistical rends
a1e Imitec o are not avalable,

duing the past 30 years, hre has oeen &
loss of dvergly wilin ecosyslems s @
resylbo! grealer slandaraization of agricu
fural, forestry, and fishery practiccs and of
other infersive uses of land and waler. I
appears that the long-erm evoluton thal
buill complex, integrai, Stable ecesystems
is being reversed.
" Sleps are being taken o slow thi foss
o diversty. Many more widife species .
are beng given threateneq or endangered
stalus, and habitats criical 10 thew survival
are being protected. And, there 1s an

As the charts n Environmental Trénds
shew, there hag Geen a continual reduc-
1an in he extent of natural land areas m

the United States increasing awarengss thal a much more
Wetlans, vrgin fores!, nalwe grassiand. " systemalic and zomprehensive effort i
estuarine habitat, and other digtinclive of needzd to identify and protect fragie

urique habiat have beep and continue fo ,  ecosystems. But e loss of diversiy goes
be lost. They fave been lostmainly asa ~ on.
result of expanding and suburhanizing
populations, expanded transportation sys-
tems, new setllements, dispersed industry,
314 increased demand for recreation
siies, But the rale of decling in natural
areas may b= slowin”

It ]\\

-

- mariy Ny nalional
.. .. s have beenestablished,

JINgsS a eas have been designatd, \
wild and scenic rvers have been identiied ‘
and maintained, and many other areas *
have been given some prolecton.

£~

orales have been offically declared extinct. -

. ateas thal were orce avoid

Patlerns Gf land use in the Unfied States
are crangng Cramaticely. ©

. Human setiiements, recreation sites

and second horres ngustry, and.energy
explralon are beng localed in many
“..7/:.._\.38
ey were 100 hot (ihe Soutwest), loo cold
(Alaska), without water {the Southwest)
subject to high risks from nalural hazards
(such as steep mountain slopes and hurti
cane fisk ones), or inaccessibig (such as
isolated coasts and thg underwater con-
tinental sheff),

These tiends are changing rural fe and
greally nfluencing the extent, locaton, and
qualty of the remaining natural areas of
the.ccuntry. '

The condtion of land is also changing.
Natural emsion, shilting vedetation, and
wildife expansion and cecine continually
change the condition of the land. But,
apart from great storms and volcanic
eruptions, nothing can change it as dra
Mt TanT s rapidly as people.
sor—0nce tFught to be mostly
" Contrul—has b 20me @ serious
pic..Jem in many parts of the Midwest. -

Many arid and semiari lands are
rapicly becorming desels. 45 a resullof
Qvergrez™ and cverrutivatior,

Mare than half the rangetands of the
Unied States are not megting iherr polen-
tia! for grewth of vegetation, usually as @
result of overly intensive human use.

L

H
Ona global scale, four flesustaining
‘biological systems—cropiands, fores's,

grassiands, and f sheries, ie Sources ofal
- {ood ang many raw materials for induse

try~are being considerably burdened by
increasing tumbars of pecpie 2nc (e
acceierating demand for resources.

In particular, tropical meist forests, 2rid
and semiarid Lnds, and some of the most
productive croplands arg being changes in
use o in qualty as people seek-0 feed
themselves and provide a betler e,

For decades, in fact, since the beginning
of this Nation, Americans have beleved
that hie quaity of the environment was
dependent solely on natural cycles. Nature
gave and nalure took away. !l was our job
o make the best use cf the resources
avallable, and-they were pientiful. We now
have grealer powers either to destroy or
improve the environment. Resource avala
bilty and qualy are greatly determined by
Ihe polcies we follow] And those policies .
in turn are greatly influenced by how well
we understard the many areas thal make
up the environment, Enironmental Trends
is one efiort 1o add to our understanding
and share what we have found

i
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People
and the
. and

The United States is the fourth largest
country in the world both in 12nd size and
population. ! )

1t coniains more than 3.5 milfon square
miles of land and, in mid-1979, 220 miliion
people. N

It incorporatas the major meteorologi-
cai, topegraphical. and ecologicat areas of
the earth.

Its land 1s rich and exceedingly diverse.

-
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Physleal characleristlcs
of the United States
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'/ Hawail. The Rocky Mounlaing determme

: lerized‘ by la‘rge”indu'strial' |

| small towns than an "'other pa

The W$st stretches from New Mexluo
Washinglon and jnc! ‘udes Aaska' and,

the topography and cumate of much of the
- area. Because of the mountamous charac
terof the Wesi, there s mterse compet
fion for level Iand between urba nd

short “cool surmy
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‘ cemers th




s Climatic zones ’
., 0f the United States

The South extends from Maryland south to
Florida and wésl lo Teas, The imate i
humid subiropical except for he sauthem.
tin of Florida and the Keys, which are Ihe™
only tropigal areas of the Unled Staes.
The Appalachlan Mountains and ther-
slopes dominate the cenlialpart of the
region, Much of the penpheral area is ..
- coastal or other lowland. Same of the
most productive .S, lands are aiong the
southern coastal area, lands thal are:
‘habial forsover one-hirdof the trealaned
and endangered species in the Unitée
Sks. . N
The Northeast, rom Maine 1o Pennsy
vania, s primarily in the humid continental
climatic zone, wih short, cdol summers
* and moderale annual rainfal, Much of e
land was once glaciated and is chara
" terized by rocky sail s populalton densnly
18 the highest in the United States, but lhe
~ fegion retaing thousands of-actes of .

widerness, .,
_;..--——-**""" . n .
//
n f“‘ I
* S ' - Humxdconllnemal
Tropicai rainforest [Cs ] Medlenanean (coo'summer)
. [ Tropical savanna - Humid subkpical Subarcic
FRE : o
\ T - BS | Stappe Marnqeweslcoasl Tundra

i

. e . humidconineel | e Lo
S A Deset - fm sumer AR Undiﬁerer_mmsdhnghlands3
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Tolal population, 19681978, Population grotwlh ratos, a S L
and projected lo 2025 15004978 . S
Millon peope e : . Percen!
0 Series 1 . 2.25
3501 | B 200} ,
R YR ,
S . les2. 175
e ‘ \; B 1 CLoo
el Seres'3 | ‘ .
| ' Wi ;o
200+ ! ‘
' 1,00}
' ‘
1501 .
| . 0.75}
100} ' t S S
0.50F S -
50} . 0.25¢ .
0 TR L ] ) ] P | ] ! i OOG R . R —— N t" } \ L | J;l--
1900 - 1920 1940 1960 1980 2000 . 2025 1900 1920 1940~ 1560 1980 2000 N
. . ' . “ . g:'
! . . t,’},. "
:The poputatron of the Unrted Stetes B The population appears tobegrowrng EtThree distinct soclatphendrndna
growing by about 1.7 milion gach year. inexorably—-the lines on the charts seem '
R ~Total growth is prorected at 42 milion for . alwais to go.d, but the rate ot grmvth
. " the remalning years of the 20th century. - has dectlned In 1978, 1 was ontyt)&%. tfr_
» 4 According to the Series 2 projection, the ... Current trends conttnue zero populatto
' . ~populat|on wrtt reach 20 mrlllon in the. growth—the polnt et whrch the populatlon

Most of the 220 milion people in the

* United States five.in urben areas: Nearly
threefourths (73%) v in clties and lowns

- of 2,500 o more, This means that 73% of

" the people live:on less thn Zholthe
LS

: year 2000

o Et The three prorectron serres are based
" on diferent assumptions about the tevet of
| completed cohort fertiy, that s, the
? : f 3 \average number of birhs a woman has rn
‘her lfetime. Serles 1 assumes a total
- fertiity of 2.7 brrths per woman Senes 2
2.1 and Senesa 17, ln 1978 the rate
was18 -

Tea
decrease tn the number ot blrths on, the
average women now have onty .

the late 19505 |twas 36 ‘
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Popultion, by reglon Lo Lo Papulallon growth raes, v o
1504078 \ o by reglon,19501978 s R
vhr'rllion heoﬁe o r : Average annual rate of growth in percent : B
80‘ ‘\‘r‘ ‘ ! ) . : ) ., 40' ‘ ’ '
‘ : \ ' Y
( ol /Sou‘rh : ‘ 3.5%
60r | Norih Central ;
v | 25p
Kb . \.//——\-«Norrhqast
: i | ‘ 20
i \ ' - West :
0F Pl r
‘ 1.9 '
| 307
J , \ ! 1.0
0 "ot
10r. ‘ I C 00 .
L - . | ' -\ Norheas
L19150 ’ 19Ir30 ' 19|70 41“€;80 | S | ‘70'5 .reah ey 5 9rhrhrs \
) o . r ‘ 1055 1960 1965 1970 19751978
The fastes growrng regrons of the country - . v The West has the hlghesr growlh rale bu! The South has the second hlghe
are te South and the West. The: Southis | : I has slowed considerably, largely. growth rare. The Norrheasl hasahegarhre
he most populous & well, For the first C becatse of decreased migration o+, rata of growlh vilh ar. average annia
ime in history, more people now fve i 5 | AR Callorie, The fastest growing States of & populationlossof 02°/'between 191
teSouh and he Wes! an elsehere - -- - the Vieslare Arlzona Nevade, and - and 1978,
Wyomlng ‘ S ,j";

*the courlry, The man reason or s
- fegional shitn populahon growth 5
- migration.
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Population denslty along insjor S T ‘ oy lerease In popuieilon dendity .
- | © 7 slong mojor coasts, 19404876 - .

coasls, 6/ | ; - o o
‘ ! ‘ B . i
N | Tolal U.S. ared |
o v
| © L U :
M ! R e
) P & | Total noncoaslal areas

| Piacific
o Vo
L

Paciic f. R ’

| Atlantic

Population per |
squaremie

C PR
[

A | [ | .

100 150 200 250

Another dominant pallern of population
distribution has beefl the move to coastal ‘
areas. In 1976, nearly 53% of the popula- ~ «.
tion fived within 50 miles of & taajor coast, -

- The density in these areas was Six times .

thatof the rest of the counlry, - © "¢
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Population in urban and rural areas,
1400-1950, and in metropolitan
-and nonmetropolitan areas, 13501977

. - Mithon people
2257

200+

751K

-
[(&,]
T

50

2571

ol—

1900 - 1910

Most pe':plé" in the United States live in
large metropalitan areas, which for the -

* purpose of measurement are identified as

Standard Metropolitan Statistical Areas
(SMSAs). In.1978, about 67 % of the
population lived in SMSAs.

vt
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 ties. SMSAs contain not only urban areas,

1920 1930 1920 . 1950

] An SMSA is an area with an urban
center of 50,000 persons ¢r more, includ-
ing the county containing that center and

‘ nelghbonng counties closely associated

with the centralarea by daily commuting

1960 1970 1980

which occupy 10% of‘!the land but alsn
open space, forests recreatuon areas s
parks, and cropland o '

he’
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Metropolltan areas with.popgliiion y )
increases of 20% or more, 1 18%0.1977 . .« - .
. uAT = 7 g
- . AP ,
. / N i
' " ol G '
7 e . . .
/‘“ Lo A
/ , .
/ 3 o Ficny . ; N ;
. J ! - )
; 5 ' ) \ s \‘ .
. ' i N
Base . k -
: | o
N R, i : : 4 -
St » "0 . Fort ! \ .o
) e 'P/ | Collinge t- ! .
B AT ; ovo; Greeld v 5T T
: / . ; "
o : ; Ny Colorado Springs |
° Lﬂs Vega i 1
‘- o S ! S £y
2 One ) ] Tl el
kg, H 1
s F’L h Ph . "' A'buquerT ] Faygnewlle
n o, { o' M10CHx | !
. C‘g . / f e -
Tucson - i . - (
ST RE Pase .
\\‘\ aso 'Temple \ o T 9“3!’165300
S o . *Byan ? Pastadolta ein* vm e \DB ytoﬂa Beach
. TN Austin® . g,_t..\_“_:\i ‘:‘a\ Eesaﬂ Ganew‘t'e . Qfiando
‘} - . \ SV/ ouston BN - Tampd, o Lak::‘al‘)‘r? .
‘ l l L sarasota'.avaq & st Fai™ Beach
T | ts\ erdale
b Ancharage MeA Fort Mye! Foﬂ Laud
” \,.\ ¢ . -
i E Brownsvutle L

The metropoiitan areas that are growing
the iastest are in the South and West. In
contrast, aimost all that are losing |
population are in the Northeast and Noith
Centrai States.

Of the 40 fastest growing areas, 12 are -

The increasing migration to the South
and West and the rapid movement to
coastal areas during the 1960s and 1970s

severely strain area resources, particularly-  *

wildlife habitat rot previously affected by
manmade structures of economtc and

i N ’ -
‘Further, there is every indication that. *
some eccsystems, particularly.in arid and
semiarid regions of the West and wettands
of the South, are more sensmve to chang

- and modmcatton than those of the ptatns.

forests, and croplands of the East and

m Florida. social devetopment P North
& . R
o O .
i' ] T , S Toees - ‘_f, N ol
O
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Popuiatlon growth rates .

22 in metropotitan and nonmetropolitan

counties, 19501977

n millions)
s Metropolitan counties

Average annual
rate of.growth
in percent

2507

o Suburbs 2.25¢

Central
cities
-11.65

1950-1960 "

- . L. R . 4U.,.,....;

tion - -~ Clearly, the Us/pobulation is shifting ) %%‘.ost of the peopleymoving out of the cmes '
,} ' from large clty living to smaller and - ... .are movmg ‘o the suburbs ut-many al
es “mediumssize. city and suburban life. in . -going 1o more;.ruralfare many tha\
< © 71930, for example, almost 12.2 % of the . *, nonmetropolitan counties
C populatlon lived in citles of 1. rpilhon or -~ lion peopte from’ mlgratlon betwee 1970_
more. By 1970, the figure wayj 92% by ¢l and. 3978, For. the first. time: i |n US istory

- '1976 it was estimated at 8.3%. . L nonn '

O
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114
Population change
in nonmetropolitan -

_counties, 1970-13977

The shift from cities and suburbs to more
rural areas is taking place in afmost every
State, but it is pronounced irthe Qzarks,

the Tennessee Valley, the Texas hui

“country, northern'Michigan, and the -
Rockies. .

It is too soon to tell if the movement to
nonmetropolitan counties will rnerely
cfeate new centers of rapid popuiation
growth or lgad to a more scattered iand.
use pattern that could be called rural -
growth. Y

28




Nonmetropolitan counties:

m Population incréase more than 6.4%’

. . .,

Population increase 6.4% or less

{:] Poputation decrease

/ © . [T Metropoitan counties :

1).S. average: 6.§%i
[

N
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Sources and technical notes

If popuiation trends continue, there will be
about 260 milion people i the United
Stales in the year 2000; Three-quarters of
them are expecled to five in 29 d|stmct
Urban regions,

An urban region 5 large area domi
naled by metropoitan and urban.cenlers. -

and containing at least 1 million people, - -

An urban region is ot a super cily,
Rather, itis defined by a relalively dense.
popelation and one or more metropolitan,
areas, with park, recreation, crop, and
@E KC addition 10 the bum up areas,

!

'

t

1

14 ‘
Physical charactenstics
of the United States

»

The national atlas of the United States of

America, U.S. Geologica! Survey (Washing-
ton, 0.C., 1970), p61

' 12 .
Climatic zones of the United States

Climatic chart of the world, U.S. Alr Force,

Aeronauc: Chart and Information Center {51,
Loms Mo., 1965), reprinted from World atfas:

Physical, poltical, and economic, Edward B,

and Co., 1957). Copyright by Rand McNally
and Co, R.L. B1-Y-31.

Kdeppen's classification of climates is

" ased on monthly and annual averages of

temperature and precipitation. Each cimatic
division is designated by a series of letters.
The first letter cosresponds to one of five
major divisions: A, rainy climates with no
winters; B, dry climates; C, rainy climates
with mild winters; D, rainy climates with -
severe winters; and £, polar climates with no
warm season. '

A second capital letter subdivides two of
the five divisions: BS, dry grasstand or
steppes; BW, desert, ET, tundra; and EF,
continuous frost,

Small letters are used o indinate seasonal
variation in temperature and precipitation: 1,
moist; w, winter gry; s, summer dry; a, hot
summers, temperature of warmest month is

greater than 71.6°F (22°C), b, cool summers,

temperature of the warmest month under -
71.6°F (22°C), but with at least four months
above-50°F (10°C); c, ool short summers,

only ong 1o threg months above 50°F (10°C);
and so forth, For further details, see An out-

line of geography, Preston E. James (Boston:

Ginn and Company, 1943, pp. 370-379.

13 ' ‘ .
Populatlon distribution, 1870

Graphic summary of the-1870 popula non

" cersus, U.S. Bureau of the Census (Washing:

‘1 fon; USGPO 1973), supp. rep. PC{SI)-55,
p. 15,

" Espenshade, Jr. ed. (Chicago: Rend McNally

14
Total population, 1900-1978,
and projected to 2025

19001977 Statistcal abstract of the
United Stales: 1578, U.S. Bureau of the

p.6. .

1978: Current populatien reports, U.S.
Bureau of the Census (Washington: USGPO,
4978), series P25, n. 729, -

1980-2025: Current population reports

(Washington: USGPO, 1977), series P25, 1.

704, table D, p.6.

Data are as of July 1 of the year noted.

Data for 1900-1978 exclude Armed Forees
OvRrseas,

Projections 1o 2025 mclude Armed Fomes
Overseas. :

15 '
Populetion growth rafes, 1900-1978

1900-1909; Sratistical abstract of the

" United States; 1976, U.S. Bureau of the

[

p.5
1910-1969: Current papulation reports,.
U.S. Buredu of the Census (Washington:

, USGPO, 1973, series P-25, n: 498, fables A,

4,pp. 1, 11, in Socla incicators, 1973, U.S.

Census {Washington: USGPQ, 1978), table 2,

Census (Washinglon: USGPO, 1976), able 2, -

Office of Management and Budget (Washing: -

fon; USGPC, 1973), pp. 246, 249,
1970-1977; Statistical abstract of the
United Statps: 1978 (Washington: USGPO,

1978), table 2,p. 6.

1978; Cusrent population teports (Washing : :

ton; USGPO, 1978), series P-25, n. 723,

Rates are based on the population change
during the calendar year as a percentage of
the midyear population.

Prior 1o 1940, data excijide Alaska, Hawai .

"~ and Armed Forces overseas, excep! for *

1317-1919, when Armed Forces overseas
were included:
Beginning in 1340, data for tofal US.

 popuiation include Armed Forces overseas.

The 1970 census definition of urban popu:

lation includes places with 2,500 or more
res:dems T




16 .
Population, by region, 1950-1978

1950-1959. Current population reports. +
U S Bureau of tne Census (Washington:
USGPO. 1965), series P-25, n. 304, table 2,
p. 10 .

1650-1969 Current population reports
{Wasningion- USGPO, 1971), series P-25, n.
460.-&'\&3@ 1.p 8. :

1970~ 1976: Current population 1eports
(Washington;_ USGPO, 1978). series P-25, n.
727 table 3,p. 7. -

1977-1978: Current population 1€ports

~ (Washington: USGPO, 1978). series P-25, n.

790, table 1, p. 2. R
1.7

Population growth rates,
by region, 1550-1978

See 1-6.

1-8 . .
Population density along major
coasts, 1976

Statistical abstract of the United States:
1978, U.S. Bureau of the Census (Washing-
ton: USGPGC. 1978), table 7. p. 10.

19
Increase in population density
along major coasts, 1540-1976

’ See 1-8.

1-10

Poputation in urban and rural areas,
1900-1850, and in metropolitan )
and nonmetropolitan areas, 1950-1978

Urban and rurai; Historical statistics of the
United States. colonial times to 1970, Us. -
Bureau of the Census (Washington,ASGPO,
1975), p. 12..

Metropolitan and nonmetropoftan, 1850
and 1960: Statistical abstract oflthe United
States: 1976, U.S. Bureau of the\Census
(Washington: USGPO, 1976). tabl p. 16.
1970 and 1978: Current population re
U.S. Bureau of the Census (Washington:

USGPO, 1979), series P-2n, n. 336, table 19

Cp. 34 o

.
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Each Standard Metropolitan Statisticai

" Area (SMSA) is divided into two areas:

"central city * and ""outside the central city.”
The largest city within each SMSA is usually
designated the “‘central city.” The remainder
of the SMSA is ‘‘outside the central City.”
This remaining area may include cities of
50.000 or more and may be located in more:
thzneone State. Areas of the country that du
not meet the SMSA criteria are designated
nonmetropolitan. .

In addition to the county or counties con-
taining such a City or cities, contiguous |
counties are inciuded in an SMSA if, accord-
ing 1o certain criteria, they are socially and
economically integrated with the central
county. in New Engiand, SMSAs consist of
towns and cities rather than counties.

The 1950-1978 data include residents of
the 243 SMSAs as defined in the 1970
Census cf Population. The 1970 and 1978
data include civilian noninstitutional residents
onty. :

1-11 4
Metropolitan areas with population
increases of 20% or more, 1970-1977

Current population reports, U.S. Bureau of

- the Census (Washington: USGPO, 1979),

series P-25, n. 810, table 1. pp. 4-24.

112 ¢
Population migration, 1970-1978

Currerit population reports, U.S. Bureau of

“the Census (Washington: USGPO, 1975),

series P-20, n. 285, p. 2.
Current population reports (Washington:
USGPO. 1978), series P-20, n. 331, table 1.

p. 5. ’

Details may not add to total because of
rounding.

113
Population growth rates in metropolitan
and nonmetropolitan counties, 1950-1977

1950-1970: ~'The new pattern of nonmetro-
gohtan population change,” Calvin L. Beale
and Glenn V. Fugu:t, University of Wisconsin,
Center ior Demograghy and Ecology, 1975.

1970-1977: “Trends in metropolitan and -
nonmetropolitan population growth since
1970, Richard L. Forstall. U.S. Bureau cf the
Census, 1975. Current population reports,
U.S. Bureau of the Census (Washington:
USGPO, 1979), series P-25, n. 810, tables 6,
7, pp. 30, 31. .
114
Populaticn change in nonmetropofitan
counties, 1970-1977

Sccial and economic trends in rural
America, USBA Econoniics. Statistics. and
Cooperatives Service (Washington, DC.
1979), p. 13. ,

115 BN
Urban ;eglons. 2000 :

Jerome P. Pickard, Appulachian Regional

" Comimission, Washington, D.C.

Two urban regions, the Lower Rio Grande
Vailey and E! Paso-Ciudad Juarez, are inter-
national ana include area and popuiation in
Mexico. )

Y
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Chapter 2

Critical
Areas

Critical areas are ecologically and cultur-
ally important areas that must be protected
to maintain their natural or present condi-
tion. They are unigue or are in limited
supply, and thev are fragile. Without
protection and control, they will be lost

-forever or will be so changed that they

can be restored only at considerable

. expense in time and money.

Five kinds of critical areas are exerined
here: Wetlands, wild areas, »ar+x. * storic
places, and risk zones, wherz .27+ wnd
communities are continually threatened by
natural disasters.

.

~
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Wetlanas

21
Natural wetlands, 194 -

Vletancs cCoLpy 8 unigue niche'tn the

gcclogy and topography ¢ the land. Often

trey are e small but very mportant

ansiton areas where water and land
_come togetrer.

Wellangs—1ne marshes, Swamps, bogs,
GOINOS wet meadows, and fiver-overtion
lang—are Iowiands that are waterlogged-
or covered v stagnant O SOR-MovAG

water They enst in shalow lakes and
£onds, a:ng fvr banks, and in Coastal
areas.

“etands act as giant sponges Tat
absorb impuries, slabiize water fiow, and
picvide a home for the many forms o ife
'soimporlant in 1he e cycles of fish and

nirds. More speciically, they may provide -

grounciwater recharge. retention of surface
water, stabilization of runei (reducing ficod
waters), reduction or prevention cf erosion,
 creation of frebreaks, food for fish down:
~stream, and production of cash ciops
such as limber, marsh hay, wid «ice, blug-

berries, cranberries, and peal moss. They

act as natural purifiers of polluted water,
. wilh plants and animals fiving in the wet:
lands reducing the excess nutrient load.
Because their usefulnets is not ahways-
 obvious, many wellands have been flied
or credged. Ony recently has Iheir impor- ‘
fance been recognized and measures
taken to protect them. '

g -

[

,,,,,

53

There are wetlands'in gvery State, oul the
most extingive areas are in Fiorida, along
the lowet Mississiopi River, 1t hevowland$
of the Adariic and Guf coasts, andinthe
frest and marshinds of orien Wnscm_. !
sin and Minesola. ~ g
Qriginally, wetiands were found a"mg '
almost the entire Atlantc and Gulf coasts,
but devebpmem has slowly changed g
rrany of these wetlnds into drylandor
navngab%e mler o
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'

Total watland acresge,
pr'esot!]ement‘to 1971

O

ERIC

X

Nillon
acres
130r
120+
110t
100}

90t
80t

70+

60r

Aruitoxt provided by Eic:

18

1700




!

Florida contains the largest acreage of '

. Temaifling wetlards roughly 20% of the
-US. total, L
Arkarisas has lost half of its wetlands.
 South Florida has lost a fourth of its

wollands in the past 20 years. State legis

lation passed in 1972 now regulates the
. use of wetlands.

Creman, -,

23 | , ' L
Wetland acreages, selected ' Use of tIIIed weilands! Malne ' ‘, |
“Stales, 1850-1975 , . to Deiaware, 1955 1984
[ R LVI‘ TR T
: ‘/ ; Dredged spol
. Miliion acres Thousand acres '
22:-: 4 ' 1507 Housi”n‘g", )
. v \ ~"| Recreation -
18 ol Delaware o = .
; ‘ .- | Tiansportation
16 M ) ' ‘.'.I'j; e
! Florida — total e
' Industry
14 , e
12 Mississipp | Dumping
101 \ |
gt Arkansas - ' | 60 . ¥
6 L ' ) N l ) .o
o Long Island, New York,
gb o Missoud —— LSOP‘PHF'O”fja B : \ ‘
- LU Suffolk County, Long Island -
g . Nassau County, Long tsland\
: Calitornia : | D
’ 1850 1875 1900 1925 1950 . 1975 ! 1850 1875 1900 1925 1950 1975
R . ' .. |

" Bechuse of agricultural and ndustial

developmenl Louisiana’s coasta wellands
are dlsappeanng A 1978 coaslal zone

- management law regulates most uses of

we\lands through a permit system.
Only a tenth of WSSOUN s wexlands

Most of Cahforma s wetlands hava been

deslroyed Remaining lands are protected -
4y the 1972 Coaslal Consenvation.Act, -
~which requires a permil for developmenl Lo
S T sk:wedapprewablym NassauCoumy‘
o lhrough stncl control, -+ - ‘

- wellands has occurred i the past 45:

 protected througha Iaw that reqmres per

peafing rapxdly The rate ‘ol loss has S

result of slncl conlrol No, heavy mdustrsal
development i Is permmed In the ‘coaslal
'.;zone., o
 Most damage 0 M|SS|ss|pp1 coastal

years, Coaslal wetlands are now pamally

s fordredgmg Y
- Tidal wetlands in New York ane dlsap,-, e




5 , -
Slale programs protecting wellands o ‘
and coastal aroas, 1978 . -

Increasing numbers of Sltes are develop
ing legislation and regulalory procedures - 1 Requilion of agjviles

o protect wellands and coaslal areas. dlectgheresouce
Wetlands are also protected by Federal —
reguiations and by Executive Orders, The .. coastal management
two lates?,issued In May 4977, requite &l ~ pan

Federal agencies 1o refrain from support . [__] Siate ot required
ing construction in wetlands when therels [ Nosit permi reqired
a practcal altemative. ~  * |
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Sources and Technical notes

(Y v

21
Natural wellands 1954

Wale. atlas of the United States, Water
Information Center, Inc. (Porl Washington,
"N.Y,.-1973), plate 74
. Weflands of the United States, Sarmuel P.
IShaw and C. Gordon Fredine, U.S. Fish and
Wlldlnle Service (Washington, D C 1956),
cue. 39, plate 21, .

The map does r)pl show approximately 11
million acres of wetlands not specifically
delineated.

Data not available for Alaska and Hawaii.

The Fish and Witdlite Service, Otfice of
Biological Services, is conducting the
Natonal Wetlands Inventory. National sum-

“rnary data are expecled 10 be available in
SO82. .
A\
2-2 ; .
Total wetland acreage,
presettlement to 1971

Wellands of the United States, Samuel P.
Shaw and C. Gordon Fredine, U.S. Fish and
Wilalile Service (Washington, D.C.71956),
circ. 39. pp. 6-7.

“Inland wetlands: Their, ecological role and
environmental status.' William Niering and
" Richard Goodwin, Bull. Ecol. Soc. Amer
55(2):4 (June \1974).

Data include 48 States only.

O
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2-3
Wetland acreages, selected States,
1850-1975 .

Wetlands of the Unlled States, Samuel P.
Shaw and C. Gordon Fredine, U.S. Fish and
Wildlife Service (Washlnglon DC, 1956)
circ. 39, p. 7.

Florida Stdte Plannlng Olllce Tallahassee
unpublished data.

Cooperative Gulr of Mexico estuarine
inventory and study, Louisiana, National’
Oceanic and Atmospheric Administration and
Louisiana Department of Wildlite and
Fisheries (New Orleans, 1971), phase |, area
description. and phase 1V, biology, p. 10.

"Deterioration and restoration of coastal
wetlands,”” S. M. Gagiiano etal., reprinted
from Proceedings of 12th International Con-
ference of Coastal Engineering, Washington,
D.C. (Jackson, Miss.: The Gulf Coast Associ-
ation of Geological Societies, 1970), p. 7.

“Versatile wetlands—an endangered
species,” Peter Sullivan, Conservation News
41(5):20 (1976), p. 5

Supplementary reporl on the coastal
wetlands inventory of Delaware, U.S. Fish
and Wildlife Service (WashinglomUSGPO.

1965)." . "

'Search for wetlands,” Kathi Jensen,
Delaware Conservationist 19(16).2 (1965).

Cooperative Gulf of Mexico estuarine
inventory and study, Mississippi, National
Oceanic and Atmospheric Administration and
Mississippi Marine Conservation Commission
(Ocean Springs, Miss.: Gulf Coast Research .

.Laboratory. 1973), pp..16. 179. 180. L

Long Island marine wetlands: Status, value,
and preservation potentials, New-fork State
Department of Environmental Conservation

{(Albany: Office of Planmng Services, 1972)

pp910

B

24 .
Use of filled wetlands, Maine to
Delaware, 1955-1964

Fish and man: Conllict in the Atlantic

.estuary, John Clark (nghlar.ds N.J.:

American Littoral Society, 1967), spec. pub.
5. reprinted in The economic and social
importance of estuaries, EPA (Washington;
USGPO, 1971), p. E-7. o

25 ST
State programs protecting wetlands
and coastal areas, 1978

National Wetlands Newsletter, Environ-

. mental Law Institute, v. 1, n. 3 (February

1979).

Strengthening State wetlands’ regulallons
U.S. Fish and Wildlite Servnce (Washmglon
USGPO, 1979).

*Computer-aided envaronmenlal tegislative
data system.”" U.S. Army Corps of Engineers,
Construction Engineering Research Labora-
tory (accessed April-May 1979). ~

Floodplain management (Executive Order
11988) and Protectior: of wetlands (Executive
Order 11990), both issued in May 1977.
directly afféct coastal and riverine wetlands
by prohlbllmg Federal agencies {from need-
lessly damaglng or destroying floodplains and
weltlands.
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A L : . Natlonal Widemess Presemllon E

W”d afeaS . U , ' . System,1978 RS
| Wr!derness Preservatron Areas are narur

= o amesclal Ieast5000acres or are larg
| “enoughlo meke’ preservation feasble

Widerness ha been disappearing since
the Europeans seltied on tne Allantic coast

in the 171 cenjury. New setllements, o ' : R
. industries, roads, timber cutfine, agricul ‘ They are prolected fom all forms o!
ture, and other human 3ctiviies continug v L | o * hyman devebpment No roads o stru :
1o encroach on the remaining large tracts ' o | . ' : L tures may.be bullbut some ¥ visior v

S “Ioes are provided outsde rhelrbeu

of untouched land. e o . -
SR and vlsils withi an area may be contiolled

But large areas of wilderness are being o
set aside for protection agains! any form oy
of development by the Nativnal Wilderness ‘
Preservation System. This Faderal pro- I . ‘ .
gram, olfcially begun in-1964, protects ‘ .'

‘large tracts of Federal land from further

developmen, Its aim is to preserve the 3 , . o

solitude and natural beauty of untoched S

wildgrness and lo ensure thal areas
remain where only nalural changes take
place. , ,

Y

v o 10yearsearlieronaboutthesa
' ' amounl ol land n these areas recreaﬂenT
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The National Wild and Scenic
Rivers Systern, 1968-1978 e

Miles
2.500 -

2,000 -

T

1.500

1.000 ¢

500

o

.o o . IR

1968 1970

1972

In 1978, 659"riVer'rﬁi|és‘Weré"deéignated e

Wild and Scenic-—more than at any one
time.since the beginning of the program.
Newly designated were the Skagit in

~ Waghington, the upper Delawate in New -

_York and Pennsylvania, and a 191-mile -
“strétch of the Rio Grande in Texas. .

O
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1974 1976 1978

States also deslgnate wild rlvers State
wild rivers may be added to the national

* systern upon application by the Governor

to the Secretary of the’ Interior. So far, at

least 23 States have passed laws to pro-’

. tect thelr rivers, Particularly strong ate the ol

preservatcon programs_ in Mlnnesota
Cahforma and Oregon SN




Sources and technical notes

26 .
National Wilderness Preservation
- System, 1978

« USDA Forest Service.

BLM lands were first admitted to the sys-
tem in 1979 and are not shown on the map.

27
Designated and proposed
Wilderness Areas, 1964-1978.

1964-1976: USDA Forest Service, National
Wilderness Monituiing System, computer .
. . _printout, August 1, 1977, °
.1977-1979. ''Wilderness 1act sheet,”
USDA Forest Service, Recreation Manage-
ment Staff, February 15, 1979. Unpublished
data from USDA Forest Service; National
_ Park Service; U.S. Fish and Wildlife Service;
Bureau of Land Management.

In addition to the acreage shown, the 1976
BLM Organic Act includes approximately 120
million acres which are under consideration
for wilderness designation.

e

28
. National Wild and Scenic Rivers,
1978

U.S. Department of the Interior, Heritage
Conservation and.Recreation Service.

. 29
e : : : The National Wild an'. Scenic
- . Rivers System, 1968 «s7§ )

" Epvironmental quality— 1976, Council on
Environmental Quality {(Washington: USGPG,
1976), p. 96.

" U.S. Department ot.the Intericr, Heritage
Conservation and Recreation Service, unpub-
lished data..
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Paka - _ - ' T To4 National ParkSystem,1939 -

The parks of the United States are numer- - | * In1978, the, National Park System tncIJded X
ous and varied. They include rivers, lakes, o R © 322units 88 natural areas (parks, mony-
foresls, beaches and seashores, frais, . | » . ments, natural preserves), 181 hlstoncal
oatkeays, uban paces, monuments and ¢ ; g - " areas (batlfieds, cemeteries, monu: + - -
. large areas ol outslanding natural value. In / ‘ ' o | ments), and 53 recreationa areas (park:
varying degrees, parks are created (0 / ‘ | ' : . " ways, rivers, seashores), They.are located.
prolect impartant nalural areas and valva: 1 SR . in49 Slates;Puero Rico, and the Vrgn
“ble cullral ses. | e . o " Igands,Only Vermant doe no havea
Alhough prolected, parks are not : , _ o Nallonal Park T o

mmune to delerioration and destruction.
Stresses on parklands {rom heavy.and
someiimes uncontrolled visitor use are
¢ompounded by adjacent development
and incompatibie land uses. '
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National Patk Service units, ‘
1872-1978
Number of units
3257
30t o  ‘j
P .
275+
™~ s
S ' 225}
Lo 200 A
;
175t
. ' 1501
1251
1007 o
75} ¥
‘ 50} ©ol
25t
':' 0 ol I L L L 1 - L i ! i — :
170 1880 1890 1900 1910 1920 /930 1940 1950 1960 1970 1980
. Foranarea t; become part of the The nUmber of d'nit's;in,the National '(‘ r
National Park System, it mustbeof . * Park System has begn growing rapidy. Yo
- nafional signij\cance (natural or hioric), ~Since 1960, moi¢ than 130.areas have - e
 gnd it must b able to be administered been added—65 historcal areas (0.2 | L
and plotectediby.lhe.National Park Serv-. - millon anres), 40 fecrealignal areas - R
* ice. An area iy included in the National (4.8 milion geres), and 2;7naturalareas | S i
Park System.only by an Act of Cangress (430 milion acres). - R , S o
or Executive Qrder of te President o L

L= ; R ‘) . . ) . ! .
[ . . . . . D VR




12 .
lational and State Park
creages, 1872-1978

tMilhon acres
.80+~

. 70¢

60+

40+

30+

e
1870 1880

In 1978, 44 million acres were ad
the National Park System, more I
doubling its size. Most of the acre
in Alaska. The other areas were ¢
small.

o
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National Parks

0 1890 1900 1910. 1920 1930 1940 1950 1960 1970 1980
ere added to
nore than
e acreage was ,
were gengrally -
y
! 63 . cT
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e
N \
|, Gutt clastdl

Plan -
b

islands and estuaries; the Central Low-
lands and their tall grass prairies; the

Great Basin of the West, with its islands of |
alpme vegetation and.its cold desert; and
the Columbia Plateau, with its deserts in
eastern Oregon and Washington. '

" O The degree of representation is based
on the judgment. of National Park Service
analysts. Geologic and ecological features

64

NS R VR v
LT ~

N, i .
: - I SN N
. ) .
AN
J‘%’Q'\ e
B [ .
-

Puerto  Virgin
Rico Islands

Degree of representation

Adequate "»
. .
T pena
™~ -
Lessthan
adequate

— Inadequate

_ in each region were given scores based

on thelr quantity, quality, diversity, and .
uniqueness. Scores for all features were
added and a total percentage calculated. «
Percentages were the ratio of features in

the National Park System to natural phe-
nornena within a-region. The range of
0-25% is equivalent to inadequate repre-
sentation; 26-50%; less than adequate;
51-75%, partial; and 76-100%, adequate. - .

1




State Parks

National
Parks

1970
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Overnight stays in National Park
- Service-operated campgrounds,

1960-1978 ’ .-

ihen overnight stays

157

14+ -

W

Recreation
vehicles

Tents

3 © 1950 " 1955

The number of overnight stays in National

Park campgrounds has increased since

1960 largely because of the popularity of
~ _recreational vehicles.

\
- \:

ERIC
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<1960 10965 1970

.

O Overnight stays include family camp-
grourd camping ‘only and exciude non- -
campground camping, which totaléd 85
million in 1978. Excluded are commercial
camping in cabing and lodges, nonrecrea- -

- tional stays by concessioner employees

and business visitorg, and other camping,

such as backeountry and boat camping.

‘o

66 .




8
The 10 most popular
National Parks, 1978

* Sources and technlcal notés

Greal Smoky Mountains, Tennessee Norlh Caroling

i
V

[
[

Hot Springs, Arkansas

N

L} O 2 ' A 4 |
Miliop visits

The fargest, oldest, and most famous
parks are i the Wes. Two of the mos!

“heavly visiled parks, howe»er are nihe

East: Great Smoky Mountaing Nafonal
Park anddhegdiz National Park,

* ERIC

N . ™ ™~

. R Nanonal Parks only Excludes '

A

1

. nalural history, Nationa! Park Service (Wash

“ .18 (3rd ed, 1920).

210, :
Tha National Park System 1979

Nahonal Park Service,
2-11

Natlonal Park Service unlts,
18721978

24
Vislts to Natlonal and State
parks, 1854-1978

National Parks, 1945-1975; Public use of
the National Parks: A statistical report,
1954-1984, Nalional Park Service "
(Washington: USGPO, 1966}, p. 4; Public use

o the National Parks; A statistical report,

K 1872-1976; Index.of e Nalional Park
System and alfliated areas as of January |,
1975, National Park Service (Washington;
USGPQ, 1975) Dholocopy of updated addenda’
10 the index, Octdoer 22, 1976,

"1977: National Park statistical abstract
1977, National Park Sarvice (Washington:
USGPO, 1978), table 1,p. 1. - ,

1978: Protocopy of updated addendato
lhe 1977 mdex Febluary 1979

212 S v
~ Netlonal and Stete Park acreagas,
1872 1978 '

 National See 2 11 .
Slatg; i941-1975; Stere park szausucs-
1970, Nafional Recreation and Park Associa-

" ion (Aringlon, Vs, 1971);p. S; Statistical

abstract of the United States: 1976 (Washing: e

park s!aesncs—1975 (Arlmgton Va 1977) ; s

ton: USGPO, 1976), lable-455, p. 216; State -
p 2,

213 S Lo
" Reprasaniation of naturs reglons
In the Natlonal Park “ystem, 1970

Part two of the Naz,onal Park System p!en

ington: USGRO, 172, igs. 1a, 3, pp. 61,

12-13, based en Physmgraphlc divisions of
the Uniled St#tes,” N. M. Fepnéman, Annals
of the Associ:an of American Geographers,

-~ Kssoctation {Aringlon, Va,; 1971).p.9; Sla!g o
. park stafistics, 1975 (Arlmglon Va 1977)' i

g

1960-1970{USGPO, 1971), p. 5; Public use of
the National Parks, December 1872 tUSGPO
1972), p. 9; Public use of the National /5
System, calendar jear report 1973 (Ui
1974),p. 6; Public uss of the National Pizé-

;':'I]- M S
R

;

. System, calendr year réport 1975 (ueeeo

1976}, 0. 23, 1976: National Park stafistical
abstract, 1977 (USGRO, 1978}, table 2, p. 2. -
1977-1978: National Park stansecalabslract i

. 1978 (USGRO, 1979); table 2,p. 2.

Stale Parks, 1956-1975: Skt rk sra{
tics, 1970, National Park.and R realion’, .

p27

il

s
“Ovemlght smys In Natlonal Park L
2 Serv!ceeperated campgrounds, : } _

Nanonal Park slausrzca! abs!racts, 1978 -

National Park Service (Washington: 3690, S

1979} {able 3, p 2 v

' .
0y

The 10 mast popular

: Nailonal Parks, 1978 -

*National Park stalstcal absrracl 1978 o

" Ntioral Park Sénice (Washinglon: USGPO )
- 1979) lable4 pp. 7- 17
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217 R :
Properties on the National Register
of Historic Places, l968 111 E—

Unlrkn the European nations, the United

Sl has mace a ale sarl prolecting’

its hsloric herilage. The Historic Sites Ac!
of 1935 gave the ' Federal Governmen
: urhonry o conducr*r stivey of sites of

exceptional historical value, Wrrh DASSage
gthe"Nahonal Hisloric Presuvarron Actin

1966; places and areas of islodc, neres!
were syslematicaly ider ffied and isted on
" a Nationa Reglet But regiiration Goes

ol guarantee prolection. ! Drings histort -

cally mportant propetes (o public allen

lioh, Thereby increasing the Irkelrhood hal *

lhey ol be preserved of esigred and
‘ sed, The ac! 450 authorizes Federal
_fgranl money and lax benefils for rehabil-
. lalen ol rogrsrered oroperles,
In addnron i the National Regiser of
. Historc Plicés, the Federa Governmen
" minians he Hisor American Buldngs
"Survey (a program 1o preserve recoids of
unoorlan texamples of archrreclure) lhe
Hisioric American Engineering Record
(esraolrshed in 1969 o document historic

engneerng, incusial, and lechnologicel |

< yorks hroughout he counlry., and other
presorvauon programs. Mos! presen)arron
and consenvalion ellorts deoend on Slale

" ani local government and require privale

\ 'rundrng,'-"r , ; !

~ rgpresent the work of a master, o o

Number of properries .
20,000¢ |

18,000}

16,000 7

——

14,000
12,0001
10,0001 L
| 8.000_* |
16,0007

4,000}

2,0007 .

O‘ . 1 Ly el IA"'r" st
1968 1970 . 1972 1914 1976 - 1978

[
1 \

A\

‘At the end ot 1978, more than 18300 i possess high arlstic value, Or rr must yreid

histeric places were lsted in the National - * informaon rmporlanr n prehrsrory o

*Regiter, The number s expecled foreach - islory. ‘
67,000 by he i gl ., Amostal norinaons come rrom Srate

“Fora property 0 be nominated for e hrsronc preservarron offcers. Propenres
National Register, I must meet one of four “are plaeed on Ihe register by approval or
critera: |t must be\assocrared wilh. events - the Secrelary of the Interir. The nursioer -
{hat have made 8 srgnrtrcanr comrrburron of nominalions s 2 runcrron of the rrnancral

o higtory. It must beassocrared with e 1ES0UICES avalab. for preparing the

ives of importan! persons in history. 15 " nacessary, d docurnentafion and background
must embo&y distincte characleristics or information, About 97% of propertres y
type, pericd, ormethod of. .cons*rucrron o nominated are fsled n, rhe regrsrer

] . S . . : .
A e LY L ) Vo
. e .




PR
Propertles on the Natlonal Regtster' |

Ll

 Propentes removed trom tho

National Register of Historic

 Placs, 19711978 .-

ot Hlstonc Places, by type, 1978

Buldings .

¢
I A 1 A L L

0 10 203040 50 60 080
- Percent

" By far the larges! number of ttstings on the.

register arg buildings. They include barns,
houses, and industrial and commercial
" buildings. Examples are the Laurel Mil in
- Gupton, North Caroling; the Wetls Fardo

. and Company Express Buikding in Siver
Reet Utah: the Bradbury Buildng in Los

. Angeles, and the Sterret House in Port

Townsend, Washington.

The rnost significant increase in recent:
desrgnatrdns has been historc districs,
which comprised about 13% of the fistings

~in 1978, A district is a geographically
O 3, urban o fural, possessrng

Stuclures + /"

Number of properties removed annuzlly

37
gt |
o8}

ot

20t

v
i [ | |

L

S S S

0—— -
1968 1970 * 1972

4 significant concenlralios of sites, buld: - - :

ings, structures, or objects united by past
avents or aestheti values. The average
disirict containg 16 buidings and obcupies
50 acres of land, Examples include the \\
MeXican War Street Distict n Pitsburgh;

" the Annapolis Historic District in Maryland

Le Vieu Carrevuvew Orleans; and Green .
Springs, Virgini; a 14,000:acre area of
16th and 19th century fams, * -

" Sites rnctude archeological sites, batte
fields, etc: Objects: incluge trains, ships,
statues, efc. Suclures include bridges,

windmils, aqueducts, elc.

1974 1976 1978

#

Despie istng on he Nalordl ‘Heg.ister, :

properties are lost each year, By theend -

ol 1978, 212 properttes had been removed

from the fegister. Most losses result from

demoltion, usually for public or private

redevelopment others are trom wind, fi re
and other nalural causes:

s been estimated that dunng 3
10year penod about 17% of al unpre

. tected hrstoncally valuable structures have o
- begn lost. About 3% of the sructures
. listed on the National Hegrster have been

Ios dunng a'simiar penod

: Conservatron and Recreation Service, -
~ National Ftegtster of Historic Places unpub

? tnctudes Nattonal Htstonc Landmarks

W e
.~ Propertlos on the Nattenat Regtst_er |
+of Historle Pleces, by type, 1978 i

) uat burldtngs or propertrest

~ Natlonal tteglster ot Hlstortc Place:
O 1971 1978

: regtster prtor o 1971 and9 properttes
. removed wrth nod
N removal

Sources and,techntc‘at notes .~ .

217

. Propertles on the Natlonet Regtster R
of Historie Plnces, 19681478 -

- Us. Department of e tntenor Herrtage ;‘

lished data,

682 LS
- A district may rnclude up {010,000 Indivig:

tndtcatrng tr

. ) s
BT b o
. . Lo PR
' ' / : A T
W . '
. v
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Risk zones

<Al areas of the United States are at risk
from natural disasters of one kind or
another. Hurricanes hit the Atlantic and |
Gulf coast States. Earthquakes are a

" potential danger in the West. Toriradoes
and windstorms reach across the Midwest
and the Plains. Floods cccur in all major
river bas
~ _There .. a number of ways to reduce
{oss of life and property from these disas:
ters: modilying the event (hdrricane
seeding to reduce wind velacity); madiying
suscepltibility or exposure to the event
fland use adﬁistmem and warning/evacu-
ation); and modifying the impact of the
event after 1t happens (social insurance

- and disaster assistance). All three .
approaches are used, but more attention
is now being given 1o moadifying larnd uses
“to reduce the probability of major
catastrophe.

no
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w -
Urban population and land aﬂacted )
by stream {looding, by Water . | . . ‘
Resources Reglon, 1967 I - . : , o

‘:l . i‘ -
' @ \\ Ralny %\

Columb)a =
North Pacmc

\‘. M|55|s§mp| &" ‘

-

Uitan populalion
afected -
0 (milion people) -
0

Flood plain
area alfecled
"~ (million acres) 0

\\“ LR
\'\:"::
* Floods are the most common and wide:  More than‘15,‘000 communities and Despile the dangers, the number of '
" spread geophysical hazard. Flooding recreational areas have been identified as - people buildirtg on flood plaing continues

afects major population centers in the flash flood! prone, and they are located in 10 rise and so does the threat lo life and
Norlheas-in the Ohio Basin, on the Great all but a few counties. Some 3,000 of propeny :

t

Lakes, and n Galforni. these flood prone areas are at high risk i | - | | _
. Some 100 milionpeople are alfected  terms of poteniial death and propery - - o
~ by stream flooding. . damage. Only 650-of them have flood _ o - LR
o warming systems 1o reduce the damage of L R o 7
flash ﬂoou N : SRR

o | o . | B S MW

e h’-.‘ : ‘ ) . ‘ o ﬁ/ a .




‘ 2‘21 “ ! . “ . [} .
Hurlcane isk along the Gul | : .
and-Atlantic coasts ‘ : o

H
Percent chance of occurrence
inany one yearin  50-mie
segment of coastine
Humcane
(winds 74-125mp)
el Greal huricane

‘SoulkAtlanic each year and-two strke?

" Lovigiana, South Florda, and the Ceror
 {hata humvene wil rezch Key Westin &

" a qreat haricane. -
“helghtand vokime of waler)diecty dam

 cause extensive fooding on he coast and:
inand. Th inital storm surge s respong
- blefor.90% of e fves lst along

-, gougﬂy‘e,‘e:f‘mijl‘li‘oﬁ people e !

ricanes The forceardfmng o &

 to the Gulf and south Allanfic oasts,

. urban areas, S0 that emergency evacu

On he average, sk huricanes form i he

the US. coas, generally from June o
Ocober The most hieatned arees ate
Texas, e Misissippi Dela seclon of-*

inas, For ghampl, e s  13% chan
ghven year 5?"4\14\3;2"/0 chance tht Wl

Hurricanes do damage in o vays: e

hih winds and storm surge (ncreased

age buldings and oher inanmage st
{uras; the raing carried by the hurricang:

coasl,

‘stom surge hazard z0ne, and 100 il
hurioane ae usialy koown 12-24
I advance, ghing resients time {0,
‘evacuale.‘,;"y R
" Because of the ranid shftn popuiati
populaton sk s rowing. EGhySX.
petcent of the coasta populaton ive n

fon woud e ificul i nl mpossi.



2
Fraquency of tornadoes,
1953-1962 :

R .
Earthquake risk zones

Lach ¢ seprusents the approximate Incation of 1wo

uceunences duiing the 10-year perad. An ocourence

is defined as the fist point of contact wih the ground.
'}

0f the violent windslorms, tornadoes are
the most common, They occur along the
gastern and southeastern coasts, in the

Midwes!, and across the centra porion of

the western States. About 800 are recorded
“each year, Roughly one inten causes
*damage of over $500,000. Tomadoes.
come quickly; provide fittle waming time,
and are of short duration, The high
winds—up to 260 miles per hour—damage
or destroy structures, hurl debrs, and
"overturn and dastroy mobile homes and
smallaicral.

e

"

Earthquakes occur primariy along the
 Pacifc coasl, especk..y in Galfomia, but
 mos! of the nation is at some risk. Major
 Quakes have occurred in Missour, Massa-
- Chusett, and South Carolina, Since 1800, .
the nation has been hit by 46 mazor
- Quakes. :

By vibrating the ground, eanhquakes
- trigger landslides, avalanches; ﬂoodmg,

- and hres—evems that may be more dam:
aging than the iniial remor Underwater

earthquaK cause great waves—
tsunamis—that can destroy buildings

along the coasls by impact and mundauon.j'

* areas where a major destrictive earh

fing along the Pacilc.coast and Hawai

hazard, eartdakes are el to provice.

. Degree of damage cxpecied

" Major D Minor
 Voderate [ Nong

* Anesimled 31 milon peoe e
Quake may occur. Some 600,000 peop

-are at risk o a Soloot Isunami,
More than an»' other geoohysical L

" almost comple.\ksr/cial dleupI!Oﬂ pamcu
larly in urban areas, ‘

S



Lossol e from selected nalurab ‘ . | C S !
disastes, o097 a Y ’ ~

At d

Loss of life from four natural disasters—
. floods, humcanes tomadoes, and ey
quakes—has been declining over the pdst
sl : T .50 years.
v e T 1960 1975 The wide luclualons | qumberol— "
; o ik 1954 1904 Wit deaths: Iwmm hal characterized
T : | g s hlf ol the céury have been.
,A o ‘ A o o natrowed, Large losses of ife from foma:
- T l . | o |  does, consistenty e malor cause of .
o : C ' L P . death from natural disasters, have dropped
. oy o . lrom 20 per 10 milion in the 19203!0
| L i 10 per 10 ilfon i e 19805
’ : S o © . and 1970s, Loss of Hfe from { floods has not
| | - - | \ " deoined. Beyeen 1978 end 1974, deahs
o o ‘ from floods reached U tighestlevels i
e | o ' P 40years Damaging earthquakes oceur - -
b | N o - . 8 @nr\t.equently' and for manyyear° nodeathsT
- ' ‘ . o T e recorded R

LT : B v o )
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Property damage from selected - - X : : ‘ o o
naural disdsters, 1900-1977 , ) o ) SRR . | b
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‘Huaricanes Property darage lrom Ihese o nalural

s T . , \ L “,‘ : :.":v AN \ o I ‘ c
B . """3‘., T Tomadogs | : disasters has been increasing in the past
I \\ T Earthquakes 50 years. For the lale 19705, the average
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* Sources and and technical notes
.
~ Urban population and lands
affected by stream figoding, by Water
- Resources Region, 1567

Flood nazand i ing Uniead States. A
osearcn assessment, Gibert | Whee
(Besider Universily of Colnieco, 1979)
itsyeaph NSF REET5008, 0. 2, based 0

Lt o rtan pl .5 win dhlormation about
flogd protlems, US Army Corps ¢ Engingers
(Washington D.C, 1967) anc Statistical bule:
17 U$ Gepadment of Agriculture
(Wastmgton US@PO, 1962).

e udes approamately 3,000 large urbian
404w ticod proclems and re ' o bott
e g mdeecteflects \

e thash Dood datiy w2t developed in
1970 by the Amencan Red Cross for the
G cp, US Deparment

'

Hal et Weathet
of Commerte:

A
| Hurrcane sisk along the Gul
and Atlantic coasts
e tazard i the United SIES A
Cpepten assessment. Wallraud AR, Brnk-
e (Boider Unwetsiy of Colorado. 1975).

onagtaph NSF-RA T (07, p. 6, basegon® -
Al Bt iCang froiuencies a/png the U5

A gthe Simpson and Lawrence iWashing: ¢
e S (upartment of (ommerce, 1971},
HOAR gt memo VS SRAY.
222 \
" Frequenzy of tornadoes,
“4453- 1962
e rgr s of 12 it States of
At UG Leologicl Survey (Washng:
o g e p 16 '

~

N e 1esENES are patticularly al
et Rrddoes, The numerincreased
draagiacatly dunng 1he 19605, and for years:

iy st wete il well anchored Mo

ratchoned gt Fomt gan be overtumed
by, wnds 0f & it s hour, Aanchored
meadertiomes wltsiand winds of over 100
s bt Tout liapnoved consirection and
i s of tedown egupment A1€ preding
e (HOTChon. ‘ ;
- U:{il ool avagabievor Maskn gnd Hayal

C2 L
Earihquake risk zones

Earthquake and tsunam! hazards in the
Unted States: A research assessment,
Ronelf 5. Ayre (Boulder. University of ole-
raco, 1975), monograph NSF-RAE-75-005,

y 1. basedon Disaster preparedness, Regort
{0 tne Congress, Erecutive Office of the

.~ President, Office of Emergency Preparedness
* (Washington: USGRO, 1972). v. . 23,

y The map is based on the known distribution
ot damaging earlhguakes and e modiied
Meycali intengilies associated wilh these -
earihquakes;, evidznce of strain release; and
corsideration of major geclogic structures
and provinces believed 10 be associated wilh
ecilnguake activly. The probable frequency
of occurrence of datnagng earlnquakes i
each z0ne was net considered in assigning -
falings 0 1he various ZOnes.
Map revised 1869,

224 O
Loss of ife from selected natural.
disasters, 1900-1977

*Flogds, 1925-1975: Clinalological dal, -
annual summary 1977, National Qceanic and
Amossheric Administration (Ashevile, NG,
1078), 28(13)117, 1976-(977: National
Qccanic and Almospherc Admnistration,
National Weather Service, unpublished date.

* Huriiganes, 1900- 1934 Historical st2fstics
of ihe Urited States, colonil imes [0 170
US. Bureau of the Census (Washinglon
USGPQ, 1975). p. 448. 1935-1977: Climato-

\ologcal data, annual summary 197 National
COueaiic und Atmospheric Administration

(Asheuile, NC.. 19781 2813177,
Tonatioes. 1916-1977; Climatoiogical

data. dnnual summary 1977, Nationa!

Qceanic and Atniospheris Adminstialion

ihsnewtic, NC., 1976), 2812164,
Farlhquakes, 1906- \971: Eanfquake and,

tsunami hazgids n the United SIdres: A

research assessmer, Robet S Mg v,

(Bouder: University! Colorad), 1979, |

monograph NSF-RAL-005, table 12, 9. 27

1972-1977: National Geeanic and Almos

pheric Administration. unoubiished dats'

. Populalon, 1900-1977. Statisical abstract

0f the Unred Stafes: 1078, US. Bureau of - '

,he Census (Washinglor USGPC, 1978)
b2 p 6 o B
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Average annua! deglhs per 10 miliion were
calculated by dividing ihe average nurbel of
deaths for a given 5 years by Ihe average
annual resiient ¢+ - iation fos the same
perod. |

tives los!, 1900-1924, are for selected
years. Years teported for hurricanes are
195+, 1903, 1906, 1509, 1912, and
11915-1524. Fo7 lormadoes, the years are
W1916-1924; for earthguakes 4908, 1915, and
12184 o

Hyrricane dala incluc North Allanlic
wropical cyclones, storms fhat form i the

" ropics afd thal have winds ol 39-73 nites

per hour; hurricanes have winds of 74 mies

per hour or higher accompaniag by heavy -
. 1ais, high waves, anv s, ‘

Tornadoes are local S101mS of short dura:
fion formad of winds rolating t very high
speeds, usually counterclockwise. These
slorms are visible as a vorlex: 3 whirlpool of

 wing rofating about a halow cavily i which

cenirifugal forces produce 8 parlial vacuum.
The fall in baramelric pressure 15 S0 rapid
Ihal wooden structured are oflen Iled and

-~ burs} open by he air confined wilhin (hem.

Farthquake dala incude lsunampﬁ'&anh-
quakes are  shaking of lremoing: {the
carlh Ihal accompanies movemafiol i1
crust, Thelr magnitude is Méasuredona +
Richler scale, with the measurements
ngreasig geometrcally. .

225 .
Property damage from selected
naturai disasters, 19001077

Huf?i&'é'hés,'1§15-1969; Hurricatg Fazard

" 1 tha Uinded Siates: A reseaich essessmen,

Wallidutt &, R, Brinkman (Boulder: Univers1y

ol Caiorado. 1975, monogragh NSF-AA
E75007..9. 1,9, 23 1670-1.71. Clivialo-

- logica: v, arnual summary 193], National

~ Qcegnic and Atmosoheric Adminisliation

i sheville, NC., 1978), 28(13;77.
 Toradves. 1916-1977. Climatologicl
data, annval summary 1377, 28(:3):64.
Earthquakes, 1905-1969: Earthquake and
isunam hazards in e nied Stales:A v

. rasearch assessment, Roert S. Ayre

(Bodkier Universily of Coirado, 1973),
monugraph NSF-RAET505, lable 12,p. 27,
197-1977: Nalione} Oceanic and Amos
pheric Adminisiration, unpublshed data,

C
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Grogs National bicict, 1655-1908: Long:
2m egoromic growth. 180-1970, US,
Depariment of Comme:ce (Washinglon:
USGRO, 197, Gala seres A1, . 1B2.
193(0-182%: Long-term economic. growlh,

- 1860-127)(USGPO, 19731, e sefies A2, D.
183, 1940-1972; Economjc reortui the
President: Transmitted tp the Cangress,
February 1974, Council of Economic Advisers
(Washinglon: USGPO. 1974). p. &0,
1973-1977: Stalistical abstract of the United -

Statas1978, LS. Bureau of the Census
4 (Washinglon: USGPO, 1979), table 710, p.

441, : ‘

implcit pice eflalor: Longerm Economic”
growlh, 1860-1970 (USGPO, 1973), dela
series B61 and B62, pp. 222-223. Economic
report of the President; Transmilted to the
Congress, February 1974 (USGPO, 1974). .
252, ' , '

Population; Statistical qostract of the
Unied States: 1978 (USGPO, 1979), tabe
71h, p. 441, g np

Average annual properly 0ss @s @ percent- .
age of gross national product was calculated
by dividing the average annual loss from th
¥out nalural hazards by the average annua
qross national producl for each 5 years. ‘

For huicanes, 1970-1377, and 1or1agoes,
19161077, property damages are reporled it
ranges. The midpoin! of ihe range was used
lor these years. L
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Chapter 3

- Human
- Settlements

. The dominart pattern of human sett'ement New highways permit commuters to
iri the United States today is one of multi- travel even greater distances to and fiom
. cenlered metropolitan regions. It is work, but the same highways helped 1o
) characterized by downtown tov. :rs, ethnic *  destroy oider parts of the city, led to new
A - neighborhoous, suburban residential and forms of air pollution and noise disturb-
commercial centers, factories in both ance, ¢nd created a situation in which «
cities and suburbs. and large acreages of ~ most residents, particularly those ouiside
cropland, pasture, forest, and other natural central cities, depend almost completely
areas. This pattern of human settlement is- on the automobile for maintaining their life
tound throughout ali major regions of the styles. -
country. : ' : ’

The change from the older ur: an-rural
dichotomy io the newer, more integrated
‘ multicentered metropolitan area has come
"« -abou: primarily thrcugh major networks of ,
highways. modern and efficient c¢” :=uni-
cation systems, and many new bousi. - : .
units. (More than half of all housing wau
< byt after 1955, more than two'thirds of it
in suburban areas.) < oot ' Cod
"The -shift in living paitern .= a udect
response 10 the families ar<. divi( @..
wh~ want to live in new housswg in b
det.... areas. Almost <very public o, .
survey in recent years has & own a L gk
ence far vwng in smaller glaces; with low .
densities,. mere space, clean air, 1ess
noise, and other environmentul amenities. »
The same trends are apparent in other
industrialized societies, especictiy in
L. Jaoan, West Gerrnany, and Scandinavia.
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Aruitoxt provided by Eic:
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3-1 .
Standard Metropolita- Statistical
Areas, 1950

Metropolitan areas in the Unitzd States
are growing in rumber, in population, anc
« the land that tney occupy.

O

ERIC

Aruitoxt provided by Eic:

' 'mllho.. wople} :

1 1950, there were 169 Sfandard
Metropolitan Statistical Areas (SMSAs).
They occupied 5.9% of the land and con-

' tained 56.1% of the population (85 million”
- people). In 1978, there were 279 SMSAs
" .occupying more than.i4% of the land and - -

contalmng 73% of t’\e population (158

=

Uy

What make- today's metiopolitan areas
cilferent from thiose of 950 ang earlier is
:he shift fromt a single downtnwn as the
center of activity to many centers sgal- !
tered throughout the araa; fr.li " and move
plten they are |ocated in the uburban
rmgs ’ o8
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Standard Metropolitan Statistical )
Areas, 1978 . ' ' B

> A Srandard Me*.ropoman Statistical e~ tomic, and social purposes constitules {3 The 1978 population is the total resi

Arca (SM35A) is an integrated economig & Jingie community. : dent population as of July 1, 1977, in 279
and social unit with a recognized urban : SMSAs as defined December 37, 1978.
popu’ stion nucleus of subs antial size. The 1976 map refers to SMSAs designata
ach SMSA must include’ at least one city N as of November 14, 1978. N
with 50,000 or riore inhabitants .- a city : .

* which has at least 25.000 ihabiunts and - .

_which, with cuntiguous places havinga S o B I R
population density of at least 1,000 per- : - Y ' : T
sons per square mile, 153 a combined R o
pe<lation of 56.000 and for general, ' o o .

i
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ERIC

Aruitoxt provided by Eic:



,uburban areas
jos, 1940-1978

34
Population density, My logatien,

. 1940-1978

-

Suburban areas

Central cities

.

1940 1950

burbs Gominate metropolian
he early 1960s, people living
tnumber those living in

O

ERIC

Aruitoxt provided by Eic:

1960 13/0 1980

More people now live in suburban areas
{39% in 1978) than ir, either centrai cities
(28%) or ranmetropolitan areas (33%).
This is a considerable change since 1950,
when 44% lived in nonmetropolitan areas,

. 33% in cerilra’ vities, and only-23% in the

suburbs. :

Populzhon per squdte mile

10,000{;. .
ot e Centra! cities .
% \_
i . \
1.000¢ .
Vi
_SMSAs
/
,;Shburban areas e
i .-/ B *
3 -
100
U.S. average ’
. /
/ s V e ‘
- Nonm~tropolitan
——___—-_-—-\
£
- D S —
1940 1950 ., 1960 1970 1980 o
'a

This change in where people five has

changed the density of cilies. Density in

the central cities has declined from 7.5
per square mile in 1650 1o 4,167 et
square mile in 1978. At the same time,

density in the suburbs increased from 175

1o 223 people per square mile in 1976.

{For the Nation as a whole, as the

17 population fias grown, denstty has

. increased trom 51 people per square mile
il 1950 to 61 people per square mile in
1978, '
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Lard use in Standard Metropolitan .
Siatistical Are;. 7 region, 1370

/ s

~ \/ /

< uun 000 acies {

868.000
acies

Sauthern Plains

Landg wsean the average
SA'SA (base i on 48 States)

Other

. Cropland
24%:9

Woodlang ; Pasture

1.043.000 acres

Urban- . 1,211,000 acres

On the average, only 10% of the land
- in metropolitan areas is urbanized. (The
pergentage varies from 19% in the North-
east 1o 3% in the Mountain States)) The
remaininiy land is cropland, pasture, forest,
or other natural area. .

No longar are city and couniry distinct
entities. Rather, they exist side by side
throughout a metropolitan area, form=ing a
patchworx of urbanized and nqnurbanized

fand. .

-

ERIC

Aruitoxt provided by Eic:

Lave Sat.,

Aupalachian |

rurnheast

. 596,008 acres

QOne result of this settlement patter is
an iniegration of land uses that offers a
variety of employrtent, recreation, and life
style. Another is dependence on the auto-
mobile. A third is intense competition for
the land.

ve - a9



f housing stock,
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37
: and location, Composition of housing stock, -
ix oy type of unit, 1340-1377
-3 Dercent
. 190
Single- ‘ant k2
SAs ) farmuly 30 Multi-
z e urits 80 farrily
2 £ units
= ¢
: 70+ .
3 cites in SMSAs
| ey 60+
) - Mobile 50
ban aread n SMSAs homes ffobile
‘ T Rl nomes
i 30+
e SMSAs {Nonmetiopolitar) I
© 0
10t
Multi-
. — —  family ENACS . St family
500 30 40 59 580 70 80 90 100 units 1040 1550 1060 1970 units
: - ] ‘ - R . ‘
1 ' y .

ment of human settlernents
unit. it influences individual.
sportation, neighborhqod

{ even the development of
ed areas.

O

ERIC

Aruitoxt provided by Eic:

By far the most common type of hous-
ing in the United States, accounting for
67.3% of all year-round dweliing units, is
the singic-family home, aitached and
detached. Singiefamily homes comprise
nearly three-foufths of all housing in the
auhurbs. s

.

Multiunit struciures account for 28.1% of
ihe tola: housing inventory. They comprise
haif of all.dweliing units in central cilies.

Mobile homes and trailers make up the
remaining 4.6% of the housing steck.
Together they comprise 8% of housing in
nonmetropotitan areas.

Tre peicentage of single family units
has rema~ed about the same—near 70%
since 1940, with a spurt during the 1850s
{0 accommodate the post-World War Il
growth in families. By the late 1960s and -
early 1970s, there was a scurt in Tnulti- -~
family units ag the postwa: children set up -
housekeeping. i .

N



38 |
Occupied housing units,
19091977

39
Occupied housmg umts, per 100,000
- population, 1800-1977

Kiion un.s
80,

10t

lal
R
.

—_—

1900 1916 1920° 1930
’ |

The total number of housiﬁg units has
grown stezaily since 1900. In 1977, there.
were 75.3 millon occupied housing units
and 7.1 milfion units that were vacant of
were qsed only seasonally.

140 1950 198" 0 1980

[3 Notall fesidences are offciaily desig:
nated housmg units. In 1970, nearly 5.8
milion people (2.8% fived in army bar-
racks, health institutions, prisars, or
schools.

f'\..

\J

Thousand units
a5,

30+

per 100,000 popuiation 1/

L
R

Pie

—_

1900 1910 1920 1930 1940 1950 - 1980 ‘1970

i

L)
The number of Lnits is growing rhore
rapidly than the population. In 1900, there
was one uni for every five people and,"in
1977, there was one for every three
| people.
The increase in number of units reflects

 1he increase in number of households

formed. Both young and old have been -
moving out of the larger family Rousehold
to set up privale housekeeping,

The change was rapid, In the 130,
when population grew at a rate of 1.3%
per year, households were formed at 3
rate of 1.9% per year, In the 19705, with
population groving at a rate of 0.8% per

L
- "
i

1980

I\

year, househoids were being formed at 8
rate of 2.3% per year.

[3 By defintion, the number of households
is equal to the number of occupied hous:. -
ing units; @ household is one or mre per- -
sons living together in @ smgle housmg

unit

(" As the number of households has
increaseg A the number of chikren per .
family has ceclined, household. siz has~
also dropped. In 1900, the average house'
hold had 48 persons; in 1977, |i had 28
pe(aons NI oK ‘

i
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" Characteristics of new single-family ’ Nt .
"~ housing units, 19661978 ' : . L .
. T ; B o : '
. &
k4
4
Median square fes! Percent of Lois ' Perierd 51 i, :
700 1501 iy
. .
Sue of nouss ]I Fagies : Lol
1603 r 80 ; " ‘e . 33%‘ ! Ga(age .
g Fiepiace . . ‘ ' _
. ¢ wp P '
. 60+ § Vil e Twg or more baths

e
S

il
e Pl or partig basement

vy N :

1t : 4ot R .
v " Uf : "‘-‘s,,,,-,nr;p" Electne wh! 4"} :
. , ‘;,,,r’l { R ‘. Tig of more evels
i i Lo .
. Al r“v )
. . | .

i

s oY 0 d . - P i - iy " i n
1975 1980- 1965 fant 1975 W) 1965 1970 1975 - . 1980

a | | o |
Single-fanﬁly'units buitt in the past 10 | .
yeass aielager and ave supplied wih ' | .
more elaborate and extensive facillies  * S
inan oider uns, Of th amenies, centl : ~
air conditioning and electric heat have. ' .

been incorporaled the mostoten. o - '

(1 The average size of new fousing : o ‘ . .
declned in 1970-1972 because Mere was S R N
an unusually high number of low- and T L .

medium-priced’homes avaiiable. These e - |
houses fend to be smaller and to have \ . ' i SR
~ fewer amenies. ' - o

o]
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Characteristics of new multifamily
housing units, 1971-1378 : :

—

Megin squar: fegl . Fercent of units

1020 ¢ " 100 [ . &
: ‘ “

Structure and facibties

¢

BN
80 t N\ Al coniitoning

‘ : . Eiect v beat
800+ 60t -

70 . 40 + -

\>

900 ¢

Twu 0f more baths -
i . 20 ¢ Four ¢t more fincrs

/

e i L 4 0 1 i - 1 —_
1965 1970 1975 1980 1965 1970 19?5 1980

- New multifamily units are slightly mote
than half the size of the single-family units,
" but more are air conditioned and heated
electrically. They alsa-contain fewer bath-
rooms, fireplaces, and ather amenities. Y
(J The presence of Jir conditioning varies
by region. In 1976, about 93% of multi-
farnily urwis built in the South were air ‘
conditioned; in the North Central States, it S
was 85%: in the Northeast, 78%; and in
the West, 51%. In 1976, fewer multifamily »
- housing units were cofpleted in the South ‘ 3
~ than in previous years, thus reducing the ‘
national average for air conditioning to : . o ) ,
15%. | ' E
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Condition of housing,
1940-1977

& L . :
Most housing in the United States now

meets the needs for basic facilities—hot ' \
w;a;e%%rig_e'ﬂnrv Sive p',“rqb'mc_ . Parcent of _.“IOUSE?",Q’GS :
\ : e o e

comfort, and structural soundness. .10 - \
Since 1940, the percentage of house-
holds without major plurhing_dropred . -

e et

from 445% 10 3.1% in 12/7; in housing 90
that is “crowded” (mcre than one Dersan ,
oer foom), from 20.2% 10 4.4% in 1977, a0t -

and in housing that is dilapidated, from
18.1% 10 45% in 1970 (a 1977 ficre is
not avaiiable for dilapidation). 1701

This crange in quaiity came about as’
new Lnits with mors complete equipment J
were added to, ihe stock and the ¢id units
were tenovaled, abandoned, or demolished.

The emphasis today is not so much an § 50
hasic facilities a5 on attaining housing with

a wide assortment of amenties. | \,\
- - . 40 g \ |
-—--\/ ' 30t Lacking complete plumbing i

20+
’ } Crowded
10T
" Dilepidated
0 b— ‘ : I
. a4y .. 1950 1960 » 1970
// f [] -
‘I
rm’:" ' - !




313 .
Homes with selected major electric
appliances, 1950-1977

In addition 10 basic feciities, an inc'easing | -
runber of NGMes now have lime-saving R |
and human enerGy-saving appliances. ~ercent nomes with apghances o _
ciothes washers, clothes dryers, rcom air 100,
. conditicriers, nome freezers. and — j
dishwashers. i
/o" 90
¥
W, |
) \ !
CHE
> . " )y ' Clotras washars
70+ - E .j'
¥ |
. . i f"'f’-vl'h Y d [
~ Lliines gryers
60 ; // -
| e -
50+ : /H
| ' .. .
‘ | _ ./ . Londtioning
401
\'S
. 30+
|
20}

Dishwashers
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Overell cpivicn of living unit, Qverall opsnien of neighborhood, - . .
by location, 1877 by lecation, 1977 ( < ’
 Total Us™

Excetiert
1
‘ ]
L
Gooe
' ol
R
' Fair
/
T
NI
TN, Poor
!
—_—

|
I A
0 10 20" 30 40 50 60 70 60 90 100

Percént

{r1 general, people think that ther housing
is quits good. In 1977, 34% of the house-
holds sun/zyed rated their housing excet
lent, and 46% rated it good.
~ Congistently higher ratings are given Dy
suburoan residents than by cenial ¢y
oo
Pecole m Canada ang ine United States
rank their housing tigher than do peogie in
other areas of the werld: 555 of Canadian

and U.S. residents rank their housing as
high, compared with 49% of westem
Egropeans. 37% of
ol Alricans, and, 14% of Asians.

7/ .

[ The r ~~tian acked was "How would
you tz12 s house (building) as a place 1o
lve? Wousd yeu say it is excelent, good,

 fair, or poar?”

—

Latin Americans. 14%

' -
5 p
r/"
Fair
=T
) Poor

0 10 20 ”(O 40 v-SO 60 70 80 9J 100
Percent

A neighborhood may encompess a square Evaluation of neighborhoods was ~miar

mile or more of land and houses, or itmay o that for housing. " T A
be a single buiding or even a singi flocr el dentd ;,oods
in a large buiding. Mo than . ply iand of all residents

;ating their ne@MrlMs good. Cort-»
sistently higher ratings were again gven

qeoqraphic area, a r jnborhood s a set
of social and physical refationships with

which pecple idenfify. ~ by suburban residents than by cantral ity
0 . :
[ ueston asked was "Inview of a
‘ 12 nings we have talked about, how
, \ woukd you rate this neighborhood s
\ .

place to five? Would you say it is excelle,
good, fair, o poord” ¢

}‘i
=
Do
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Inadequate nesghbomood SErvices,
1873-1877

. Percent ¢f nouLenoics

20

101

30+

The—

L

\__,.—- Public transportation

Hospitals or
health clinics

Fire protection

1975

1974 1975 1976 1977

103

Outdoor recreation
faciiiies

Shopping

— e SCNOOIS

.
When asked about neigtibornood services,
one probiem—inadecuate public transpor-
tation—was mentoned mre often than
any other, especially L, “uburbanand
nonmetropoitan residents.

{1 The questions asked were .

(1)973) ‘Do you have inadequate or
Lnsattsfactory public transportation,
schools, neighborhcod shopping such as
grocery stores or drug stores?” (Yes/No)

(1974-1976) “Do you have adequate of
satisfactory public transportation, sehools,
neighborhood Shopping such as grocery-
stores or drug stores, police protectior:,
fire protection, hospitals or health clmucs""
(Yes/No/Don't know)

,(1977) " Do you have satisfa~tory public
transportatron schools, neighbothood

- shopping such as grocery stores or drug

stores, police pretection, outdoor recrea-
tion facilities such as parks, playgrounds
of swimming pools, hosdntals or health
clinics?" (YeslNolQon t know)

57
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»
Neighbarhood deliciencies, '
L] -
197318717 ° '
!
~Perpon rBOCIIRG LNCESTANE CONZIONS PELEnt 1E00IING LNCESIED 2 0T ST0nS
o Gt
) o/
i \
ho's

[$¢3
-~
-

o Heavy lraffic ;
| |
: : Inrequate
| ¢ | strent 1P
i _ !
Commercial/
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Souces and technic 3l notes

When asked 2pout Ihg-deficiencies in Iheir
neigh hOlhOOOp people most oflen men
Loned nosse, hen Ry Vaffic and made:
quae strest highting:
~Win the gxception of nadequale shreel
" fights and slrgels i need 01 iepar, more

cenlral cly resdents than oubhrban resh

dents reportéd neighborhood defi iciencies

The questions asked were:

(A years) “Here is a I of conditions+
which many people have on their stregls.
W)mcl 1,1l any, do you have? slreet {high-
way) nose? Heavy taflc? Sirees o f0ads
- continually in neect of repair of open

diches? Roads impassable due o snow,
waler, elc2 ol askeg in 1973 Poor
“Sirget lightng? Neighboshood crime?
 Trash, filer, or junk n the siregls (r0ads),
or gn erply lots. or on properties in this
neighborhood? Boardeciup or abandoneg
struclires? Oceupied housirg in rundown

condiion? Commarcial, industrial, or other

nonresidential aclivilies? Odors, smoke, or
qas? Noise from airplane traffic?" (Yes/No)
973 1976) s (the condition) S0
omnc'nonab'e {hal you would like to move
from the nelghborhoor‘“ (YesNo)
(1977)“Which of these four categories
best describes how you fee! about {cond

fion)?" (Does not bolner youBotners you @,

litle/Boihers you very muchizothers.you
s O Jwouldiike to mov’e.)v

AR g

P

Th .
Standard Mefropolitan Statistical
» reas, 1930 ‘

S census ol populal ¢on 1950 Us,

: Bufeau of the Census (Washinglon: LLSGPO !
S 1952) v, b 13 pokaw.

!

n
Standard Metropalitan Stalistical
Areas, 1978

* Stale and me r’opoh an area dala book

1979, U.S. Bureau of the Census (Washltnglon:

" USGRO, 19809, K.

33 :
Population in suburban areas :
and ceniral cities, 1940-1978

1540-1960: 1960 census of populahcn,
1S, Bureau of the Census {Washinglon:
USGPO, 1964), v. 1, U.S. summary, and
previous Gecennial issues; U.S. Bureau ol the
Census, Population Division, unpubllshed
dald. ;
1970-1978: Current populion reorse
U.S. Bureau of the Census (Washington:
USGPO, 1974), series P20, n. 336, table 18,
-p. 3 ;
- Fach SMSA is dwided into Mo AIeds;

“central city” and "ollside central cty.”
Suburtan areas here reler {0 oulmde central

Cities.

Poputation data are ot striclly comparable ,

1940 and 1950: Resident population in-168
SMSAs as delined by the 1950 census.
Excludes Alaska and Hawai, which were
admuled to,the Union in 1958,

1660; Residen! population in 209 SMSAs as
defined by the 1960 census.

1970 and 1978: Civilian noninsmutional

N populanon in 243 SMSAs as defined by the

&Qnsus

3 4 \'\ ' '
Populatlon density, by Iocahon,
1040-1978 N

se3d T N
Densty dala are not smclly comparable.

I See nole in 33 for population difierences.

1940 and 4950 Area as dehned by lhe
1950 census. .
1960 and 1970: Area as dehned by lne «
1950 end 1970 censuses, respectively. o

1978 Area as defined by the 1370 census,

.

35
Land use in Standard Metropolilan
Staistical Areas, by region, 1970

" Farming in Ihe city's shadow, USDA

'Economic Research Service (Washinglon:

USGPO, 1974), agr. rcon. rep. 250 fig. 3,
pP. 61 o

Data reler Io he average size of SMSAs in

| each region. Regions are USDA farm produc

lion regions

36
{omposition of housing stack, by type
of unit and locatjon, 1977

Annual housing survey: 1977, US. Bureau
of the Census (Washington: USGPO 1979),
parl A,p. 1.

Data include B0.7 milion year-round hous:
ing Units and excludé 1.7 million vatan!

{seasonalrand migralory) units: The annual

housing susvey includes the 50 States and
the Distric! of Columbia.

Single-famly units are primarily delached
houses. This calegory also includes wo or
more attached fownhouses which are sepa:

‘raled by an unbroken grounciloGol wal (no

conmmon basement or altic) and fhich have
thelr own separale utiltigs.
Mullitamsly unils consis "of two o1 more

v attached units which shate uliilies {such as,

rlumbing) and have no ground-lg-roof wall

~ separating them.

Mobile homes include mobile homes and
trailess.

v
Composition of housing s!ock

" by type of unit, 1840-1977

1940: 161h census of the United Slates; -

1940, housing, U.S. Bureau of the Census

(Washinglon: USGPO, 1943), v. Il part 1,
tadle 4, p. 0.

, 1950: Censusiof housing: 1950 {raken as
part of the 7t decennial cénstis of the
United States) {USGPO, 1953, v: l parH
table 5, p. 1-3. —

1960: 1960 cansus of fousing (zaken s
part of the 18th decennial censis of the
United States (USGPO, 1963, v. 1, parl 1,

{able 5, pp. 1-16 10 1-21, ‘

1970 and 1977 See 36.

7 °
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3.8 .
Oocupled housnrq units; 1900- 1977’

MIOG W) Hislorical statstics of ing
trited Stateg, coloral hings !o 1970, US
Bineau o Im Census (Washnaton USGPO,
1 ORI '

19201 ‘UU Statisteal ahstract of the
Uitegd Statds 1978, U.S Bureau of the
Censtis (Washington USbPO 19/(5) table
1507, p ff)’ '

1977 Sewe s

. ™
39 e

* Qccupied housing units, per 100,000

population, 1300-1977
Lee 34,

:m!/:,ut:.u abstiact of the Un{!ec.f Stales:
19/9 U8, Bureau of the Census (Washing:

. on: USGPO, 1978), table 2, p. 6.

310

Characteristics of new single-family . *

housing units, 1966-1978

" Size-ol house, 19661970: Characlerstics
of new one-family homes! 1974, U.S. Bureau
of the Census (Washington: USGPO, 1975),
constr. rep series C25-74-13, p. 103, .
19711975 Characteristics of new heusing:
1975 (USGPO, 1976), constr. rep. series
p. 54.1976- 1978: Characteristics
of new housing: 1978 (USGPQ, 1979), constr.
rop series C2578:13.p. 53, N

Structure and-facilities, 1966- 1971: Char-

- acleristics of new one: -iamily homes: 1974,

pp. 33.39. 45,51, 57,75, 81. 1972~ 1977
Characteristics of new housing: 1977
(USGPOQ. 1978), conslr. rep. series C25-77-13,
pp. 34, 42,43 1978 Characteristics of new
housing: 1976 pp. 32, 38, 39.

Data on size of house include new single-
family houses sold, including townhouses.

Data on structure and facilities include
homes sold and conlractor-buiit, owner-built,
and rental home started in 1966-1970. For
1671-1978, thay include privately owned
single-family hous#s completed.

341 | /

* which would fec;

Characteristics of new multxfamuy /

housing units, 1971-1978

1971-1973: Characlenstics of neu/ :
housmg 1975, U.S. Bureau ot thg Census
(Washington: USGPQ. 1976). constr. rep
series C25-75-13, table 17, pp. 42-44,
1974-1978: Chdrdczensuc;f ol new housing:

11978 {USGPQ. 1979), cgnslr rep. series

C2578-13, pp. 44-467

Data reler o prvately owned multfamly

unils completed. Air conditioning refers to

_ both central air conditioning and individual

room units. [

M2 | ‘
Condijion of ousmg, 1940- 1977 N
1940: Social indicalors, 1973, U.S. Olfice

of Managementtand Budget (Washington:
USGPO, 1973), pp. 208, 209, from 16th

" -census of the United-States: 1940, housing,

U.S. Bureau of the Census (Washington: |
USGPRO, 1943), v. Il part 1, pp. 16, 38.
1950-1970: Housing in the seventies, U.S.
Department of Housing and Urban Develop-
ment (Washington: USGPO, 1973), p. 6-4..
from 1970 census of housing, U.S. Bureau of
the Census (Washington: USGPQ.:1972), and
revious decenmial (ssues.
- 1977: See 36, pp. 2,4,

Lacking complete plumbing, 1940: Lacking

‘some or all basic plumbing mulg/év)%-—prlvale

bath, private flush toilel, running/wvater.
1950~ 1970; Lacking one or more plumbing
facilities or sharing a facility. 1977 Lacking
some or all plumbing facilities.

Crowded: More than one person per room.

Dilapidaled, 1940 Needing major repair—a
unit with serious defects which require repair
or replacement 07 a unit continued negléct of
wurdize soundness of the
structure%r safety of the occupants.
1950-1970: A unit which does not provide
sate and adequate sheltérand endangers

health, safety, or weil- bemg of the occupants.
Defects are so critical of widespread that the

structure should be extensively repaired.

Frercentages € -lude houses for which 5 UL ot Lo down |

. o
ERIC
AR

‘questions were not answered.
Two or more slories include spht-level
homes.

108

. wired for electrnicity {75.8 mihorgn 1977).
vanable

313 K
Homes with selected major electric
appliances, 1950-1977

Merq!mndniing (New Yotk Billboard Pub

cations, 1976) and previous annudl 1SSUes.

Estmales are based on applances shipped

by minulacturers, apphances, purchased
from retallers gnitial pu
ments), and lifetime expectangios ot

appha nces.
Percentages refer to the ngmber of hom

- Clothes washers, 1950 and 1952,
dala are not tomparable and are lheretore

excluded.

314 |
Overail opinion of living unit,
by location, 1977 '

See 36, part B, p. 8.

345 .
Overall opinion of nelghborhood
by location, 1977 ) vy

o

See 36.parl B.pp. 17-18.  *

316
Inadequate neighborhood services,
1973-1977

See 36, pa'rt B, pp. 16-17, and previous -

annual issues.

3 17 : :
Neighborhood deficiencies, 1973 1977

TaNes and repiace

See 36, parl B, pp. 13-15. and previous '

annual 1ssues.



Chapter 4

Transportation

Land, gir, anc water rights-of-way and the
vehicles that travel them are a major part
of the manmade environment, Highways,

railways, and pipelines crisscross.the land.

. Air service reaches every large city and -

many of moderate size. The coasts are
‘dotted with docks and support facilities for
. ships that carry goods to and from the.
United States. | ’

These networks dre used 1o move .
goods and people. In 1977, 2,331 billion
ton-miles of interstat€ freight were moved »
by rail, pipe, truck, water, and air. Each
yea? the average person travels more
than 12,000 m|lt.s by car, truck, plane, or
other means. In 1975, 83% of all house-
holds owned.or leased an automobile, and
 35% owned two or more. Counting trucks,
buses, planes, toats, and all forms of
motorized land vehicles, there are more
than two vehicles for every household in
the country,

. Development and use of these networks
-fave changed the shape of cities and have

elped create suburban living. They now”
permit many people to travel long

o et

distances to work and shop. .

They have also transformed the environ-
ment. Building roads, highways, railroads,
‘airports, waterways, and docks has .
caused substantial damage to natural .
~ systems, particularly wildlife habitats.
' Motor traffic’is a prime source of air poliu-
-tion. Transportation as a whole is a prime
user offossil fuel. Air and road traffic are
prime sources-of-noise: ) - -

109
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R - .

a]l ‘ .
; Aboul 18% of the natlorf33867 0o
- mies of highways and roadways are
 localed within cities and towns. Of all
transportation networks, highways and
roadways occupy by far the largest lard

Major Iransportation notworks, “Transportation vehicles, '
19251978 1920-1976 _
¥ . ,
" Miles ‘ Vehicles per 1,000 population
1(}000,00% 1,000 U
| | . e S ' YL Aules
E ' ol 10 [ C Bicycles
I ~=—"=""Rural 10ads . |
. , : Trucks
1,000,000+ | , Municipal - 100 - o
. : | oads g Recrealional
- S / boals
i : Pipelines A
| : /&- Airways Motorcycles
” - \ -ﬁRailroads
100,000 ¢ | .' L .
’ [ Interstate 105 Railroad cars
highway : .
/’-SYSlem ) B ‘
’ ~ Iniand - Buses
' waterways ‘.
10.000: | al: Aircrafl
- Freight '_
’ z - 7 vessels
, 1,000¢ , 0 -
oot : ' Heavy rail - ;
\ '~ o - lransit
Z b (subways)
\ o o
W L L | ) , o ' . 4| 1 : ! ! L L
1920 1930 1940 1950 1960 1970 1980 1920 1930 1940 1950 1960 1970 1980
Railways, airways, highways, waterways, | Thelnumber,_ot vehicles in use has cony; '
" and pipelines are the major componenls tinued to grow since World War l. Only
of the transportation system. Most of these - " the number of rallroad-cars | |n use i - : !
componenls are now growing klowly, . decreasing. : ' ¢ —

% The great number of aulomobnle
* trucks, and bicycles reflects the uﬁpor
tance of personal fransportation in'the
United States. In 1977, there was one
automobile for every two people.




43 L :
- Sales of speclalized vehicles,
1961-1978

44

Thousand vehicles sold

1500
1,250
Motorcycles
1.000r
7500
- Recreational
© 5007 vehicles
Mopeds
250t - .
Snowmobiles
1960 1965 1970 1975 1980
Sales of specialzed vickes reflect e - .

growing diversily in personal transporta:
_ tion: Motorcycles are the most popular,
followed by recreation vehicles (travel -
\ralers, fruck cam’birs, molor homes, and
camping Irallers), mapeds (ightweight

molorized bicycles), and snowmebles. ... e

 Local passenger travel, 1950-1975
Al l ‘ ' y . " !

Passenger-miles per capila '

10,000¢ |
g / Fulo

~_J — ‘
1,000 ‘

[ \

School bus .
1001 ‘

E " Transit bus

i Rail fransit

r \.'_\Commuter

\ ' rail

10 ) | \
\f ‘
q i

© 1920 1930 1940 1950 1960 1970 1980

The aulo s the domnant means of bocal - Ca
travel, The other forms of local : o T

. travei—bus.and rail—-account forless
than 10% of alf local mileage traveled

perpeson, - S
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a5 - AN o |
Prlﬁc:tpal meaans of trar‘ sportation
to work, 19601977

? -
FPerrccermit Gt workors '
LA T
v e watlk, other
p— #ﬂt . ‘_ ,___',' f_:" s
30 :
| Public 1ransportat\t\>n-,,_
. 7 O [— _
| .
!
Oy b
50y §- - o )
A0 F oo _‘ Carpool
) ‘ " I ~and auto
- 30}
T 20}t * _
1O . - ’ : '
1960 2 ~197
Rush hour—when commuter demand, T
iast and comfortable travel peaks-——puts : Pri
- the greatest siress on locatl transportation VW C
systems. ) ) o
' 1E
o
e e _ PR N




46 .
Principal means of ransportation -
to work, by location, 1977

- " 1980

»

ers have opted for
‘In 1977, 87% o!
automobile as their
tting to work, and

. Workers using
declined from 12.6%
77, ’

l

Public
transporiation

The mode of commuting varies by settle-
ment pattern. City dwellers are the highest
percentage of public transportation users;
suburbanites are the highest percentage
of automobile users.

0 10 20 30 40 50 60
Percent of workers , - . ]

Commuting distance continues 1o grow P
In 1963, less than & fourth of commuters
traveled 10 or more miles to wark. In
1976, more than a third commuted 16 o
more miles 1o work, many on the Inter-
slate Highway Systém. As ares. ', the -
commuting boundaries around mujor
metropolitali areas are continuing to move *-
outward. ‘ .o .
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Intercity passenger travel, ) o Intercity freight transportation,
19291977 - : ST 194

Paggengernules pit capili . Ton-miles per capla

Jo o o ‘ 0000, Toﬁl_./_a
g J Rairoad |
TN

Inland %
1.000 1 060 waterways f‘
Commercial " ' f \
aicralt / . Pelroleum
/ pipeline \
. | |
1
' Truck
1060 100
Inland v
' waterways ‘
oy ) y 10t
4 [ ’
Privale aircralt
/\ ) . r’.,
Ul ' > ‘ ‘
e : a ’ St

1920 1930 '!940/1950 1960 1970 1980 1920 1930 1940 950 1960 1970. 1980

In1977, 10,775 tonmiles of freight were by rail, pipelines, and barges. Rairoads -
transported between cities for each and lruvks carry finished manufactured .
person i he_country, more than douole  products. Ai Iransport s used primarly Jor
that in 1929, (A tonmmile represenls one " light and highly perishable qoods. These.
lon of goods lrangported one mig) - systems are often interconnected, and

+ Rairoads and barge lings once carred they use standardsize confainers lo
aimost all freight between cities. Most bulk ~ reduce storage and handing and to speed

,Intercily passenger travel s 5o a
dominated by the automobile. Of al
Iransportation modes, only the railroad has
declined sharply. 1t now provides roughly 2
fourth the number of passenger-miles per
capifa as it did in 1950.

L T am and raw materials are now carried  defivery. “ ‘
3 \ : ’ '




Major pipelines, 1975

49

Buising pipoiné: SySiems
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Energy consumption, by rode = .
of transportation, 1965-1977

/

The networks that are growng most
rapicly are those for speciar uses. The
most important special use s for
energy—the mies and mies of pipelings
- and hightenson transmisson Ines thal -
01053 the nation, and the waterways and
port faciities that receive and transmil
crude oi, natural gas, and patroleum pro-
ducts, . .

The adition of coal slurry pipelines is
now being considered, They use water to
, carry fingly ground coal from mining areas
to the places of use. In 1978, 273 miles
. were n operation. Most of this ccal is
used to generate electricily,

All energy networks require exiensive o
“(ightsolway and, for coal shurris, vast L
amounls of waler as well. The average -+
il of o and gas ppefine requies 12 |
acres 01 fiaht-ofway for construction and

SEKCnalmenance l 2 o
= bl

[

Quads
100.000¢
i , Total, all modes
/ Total hlghway
10,0001 /// Auics g
// Trucks -
\ - Nt v
Water
o 1000; , ;
' ‘ ‘ ———‘-‘/ 0 i>
A %ﬁn—c Rall g
¥ Pipeline .
- Buses
100 L— _— . .
1965 1970 " 1975 - 1980

" Tranporation—Treight and passen-

N

[ The quad i a messure of f energy, One.

* ger—uses 26% of al energy consumed in . quad is the equivalent of 15.8 bilion

the Unilg?s States. The highway seclor
consurrs the largest portion—15.1
quads, equal to 79% of thal used for aII

(ransportaflon

..bareels of ol t equals one quadiion
British thermat units (Biu). One Bluis the .
amount of heat required to raise the-
temperature f one pound of water 1° Fal

) ' or near s point of maximum density,‘
2R




412 .
Energy intensity for local and
intercity passenger travel, 1976

411
Energy intensity for freight
transportation, 1976

Local passenger trave!

L ‘ I Aulo

o
B

A

AV
Rail o | Intercity passenger lravel
] ' ' “Air
Marine
|
0 2000 4000 6.000 8600 10,000 12.000 14,000 16,000 -0 2000 4.000 6.000 8.000
BTUs per ton-mile | BTUs per.passenges-mile
N ' ’ . ‘-5"
Energy requirements for 1ransportatio}\ ~ Because of the large loads and long For local passenger travel, bus and rai
depend, among other factors, on the type distances traveled, water transport is the - transit use about the same amount of
of vehicle, its speed and condition, load, most energy efficient of the four major energy—3,000 Btu per passenger-mile.
and length of trip. ‘ _ modes used to transport freight. - The automobile. uses 4,300 Btu per

passenger-mile.

—

M i

122
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. Automobile fuel economy :
and standards, 1940-1385

Miles per gallon

e
‘3,"' -

20+

¢

Fuel economy standards

New cars /

‘-\\/ All cars

- Fuel economy for new automobiles has
improved in the past 5 years, and it will .
continue to improve if Federal fuel

“ economy standards of 27.5 miles per

. gallon for new autos are reached by 1985.
Average fuel economy for the entire fleet
will not improve as rapidly because many
large, fuekinefficient vehucles are sfill on

“the road. :

O

1940 .1945 1950 1955 1960 1965. 1970 197571980 ,1985

Increased efficiency is a function of

driven, emissions control and safety
ment, upkeep, passenger load, road
surface, and other factors. -

123

“motor vehicle dasign, lighter weight auto-
mobiles-ane-lowar-horsepowe: Overal
efficiency depends on how fhecars-a

e;‘tlp\\

. \\_ '

6
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Automablls emissions and standards, - e . ' ‘
1957-1385 — " : — :
Grams per mile ‘ o ' ' 5 : o
W0 " © e :
- . “1 Nitrogen oxides "
. Hydrocarbons - o : ;
801 | Standards for | | | r | ;
. wvas ) cupnmonoite ¢, Y T
B0 | ; ‘ -
70 ' L
60 ' *- ‘.“E
' S
" sk _‘ ',
a0 |
30 l " ' N .
. N
20 |
0 V ) Transponauon vehlcles i ma]or A
: . y poluters. In 1977, they- produced 83% of :
e ¢ . the carbon monoxide, 41% of e hydrc-
[ G RNLE s Sh TALD cartens, and 40% of the nlrogen oxldes
1957- 1970 1971 - 1972 1973 1874 1975 1976 1977 1978 1979 1980 198% (emMedlntbmeatmosphere These .
1967 o . S 1985 " aission caus seus heah problems
v % afdafect plants and widife along rights-
o E . - - o Ohway. Wen hydrocarbons and nitrogén .
| . | oo IR . oddes areTixed withsunigh, they create
o o o I " ade and other chemical gridanis et .
' : R o - ) C ,aggravate reSplratory .Ilnesses and ana
ch I S e lrmént,, A
, ) L L hutomobles areDy fr e worstolIu\ :
o o PR but emissions aredecreasmg For the:
| Y e 7 awmgeald, the amount s reduced o
. | T wmwmwmwm,
y 1 24 L, S R lateStyearmodel, he reduction Was Over
A R | BT 80%. Therawnllbeanadditaonal 0%, -
o o, . . o ST reduction natest yearmodel em:sslo'lsrf;
- | 3 R o AP 1 - ‘Federalstandardsfor1985aremet“‘l -
. ' ! ‘v:‘ 1 . 20 .




415 | e
Noise fevels of surface transpor!atlon |

vehicles, 1971
Highway
Heavy trucks o . . - :
R R R — )
Motorcycles |
Garbage trucks , ' ‘ -
Highway buses ) Flrl
Surface vehicles, partieularly trains, heavy-
duty trucks, motorcycles, and intercity
o , , buses, are noisy. They are the main
Automobiles (standard) ‘ L ‘ source of noise-outside the home and
TR : workplace. An estimated 13.5 million peo-
) - " . ple are exposed to outdoor noise from
1 Rail _ / ' transportation or recreation vehicles at a
T v ’ level high enough to risk permanent

il e e + damage to hearing.

Gl et C ey et | The long-term health effects of ex-
Rapld transit . ‘ cessive noise are well established. When
(subway elevaled) ' the highly speciaiized cells needed for

BRI s : hearing are exposed lo excessive naise,

: ] they are destroyed and some hearing is

Recreational Vehicles lost. The damage is.irreversible. |
' Off-road motorcycles - ‘ Noise is measured in decibels (dB),

SLlill b —— which are an indirect measure of gound
R S R ACR I L Wit ad ‘-J : pressure, Noise levels of 75 dB or higher
Snowmobiles for an 8-hour period are’ considered

T il | * harmful, An increase of 10 dBmeans that
— ‘ | L loudness has apparently doubled; &n
Motor boats - inctease of 20 dB would quadruple
i apparent loudness. _
. . — ! ‘ ‘ O Each vehcle~is ranked accordmg 1o the
60 70 80 90 100 noise thati{ cleafes when moving, as
Decibels at 50 feet ' LY measured from 50 feet away. Accelerating -
Q . . o | , ‘'vehicles are much noiser.. -~ .

A
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Population expased to noise at 23

major airports, 1972 Sources and technical notes

44
Hajor transpcrtation networks, 1925-1976

‘ Rozds, 1925-1970: Historcal statsis of
the United States, colonial fimes to 1970,
US. Bureau of the Census (Washinglon:
USGPO. 1975), p. 710. Highway statistics.
summary 1o 1975, Federal Highway
Administration (Washington: USGPC, 1977),
. 0. 2111977 Highway statstcs 1977,
Ccago , . Fede-al Highway Administration {tvashinglan. -
o | : USGPO, 1979), p. 229,
' : National Interstate Highwiay System.
1956-1978; “Quarterly report on the Federal-
aid highway program, December 31, 1978
1. Department of Transporiation, Office of
Assistant Secretary for Goverpmental and
Public Affairs {news release, April 24, 1979,

I
£
-
I

88127

0 Hare

Clayeland

Dx,‘ﬂv’l_’f

' ' : oo ang previous issues).

Los Angeies  Nalura as pielnes, 1960-1976. Bl

Miam excerpts from Gas Facls,” American Gas
. Association (Ariington, Va, 1978}, p.7. .

Minneanots- Petroleum pipelines, 195.J-1976: Statistical

ot Paul abstract of the Urited States: 1978, US.

Bureau of the Census (Washinglon; USGPO,
1078), table 1128, p. 6. ' .
Railways, 1929-1977: Yearbook of raioad

facts. Association of American Rallioads

, oo (Washinglon, DC. 1879).p.46.
For many, aircraft noise is a major disturb Airwags and land vleoways, 1939-1976:

New Yo

Kennady

ta Guarda

New Orlgans o o ‘ _ ;
, [] e | I ance. I".197?- anestimated 6.1 milion — ransportation facts and frends (14th ed.)
Hewatk R o people fived in areas exposed (0 arcraft — Transportation Agsociation of America
Piade'phia : . f : noise in excess of NEF 30, a point at (Washington, DC. 1978),p. 31, |
' ] wlichpecge egrt o comglan opuglc 2 161 1St 4Gt 1945-1575
Pranie ] : horiles. Of the 6.1 millon, 500,000 “United States rapid transit systems,” Beb -
' ' gu o.” les. Ot the & ,m' ion o Abrams, National Capital Transportalion

Portland lived in areas where aircralt noise - Agency (Washington, D.C., 1965). US.
San Do exceeds NEF 40. Degartment of Transportation, Urban Mass

an g Tiansit Administration, unpublished data. «

4&5 of January 1979, 4. :jutts hed
curfews on air traffic 16 r2.Juce noise
levels. Of the 40, 11 were major commer- \

Lot Francisco

Seattie NG
¢ Lo IHOISG el exvce‘ss o cial airports (Baltimore-Washington,
R L i National: and Dulles in the Washington,
Vlashington, D C. NER30  NEF 40 0,C. area; MinneapolisS1. Paul, Minn,
Ul ' | Boslon, Mass, San Diego, Cail., Buflalo, :
N.Y.; Charlotle, N.C.. Nashville, Tenn,, San- . | '
Natona * Jose, Cail; ad Columbus, Ofi). | |

. | J

[

0 200 400 60C 800 1000 1,200 " (3NEF, noise exposure forecast is e

Thousand people exposed . total aircraft-generated noise measured al
I6cations near an airport during-a lypigaﬂi’; 5
24 houts. v
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' Transportation vehicles, e c.‘es » Sales of specialized vehicles,

e O e of e 1920-1978 woocyces 1920-1977, niiude regsta: 1961-1978

P S e gt 45 AT ' tos otpuzicly cangd MO0 CES nc Moeeyeee 972-1977 157 motgrgycle

exclucas m ma'y vehicizs, The 1977 delg a1e
estimated

ey ,,‘[.‘,, AUDS, Irucks, and buses, 14z-1975
V0T e i H’ ,

Ghiiay Statistics, Summary (0 1375, Fege
Hg'""ﬁ‘y' AcTinistrangn 1iWasningion. U PQ. Ravrrad £a's mcluos l3oomotves, frenn!
§77) tanie V200, p 45 1976-1477. ’

o R H""ﬂn_ySf&',('CC 1977 Fetoral Hohaay g ""*rﬂasfergcéc,' éq q.{ Cf“ )
S st ashagon US0P0 118, 0 e P B R
anc inactive aucratt, ghdzrs, ot gbc‘
g ‘ &00Ns, 200 21pS
Bieycles. 136)-1970 Byl wersports Recregtional boafs, 1973-1076, mclude
ton US Enwo:men,azP tect,on Agency (UnEbaUS 10%50a15. 10hADoats, SaIcoats.,
(Wastinglon 'JSGPC: 19740 48 Cangas, Capm Cruisers, skifs, cingries, %
1375-1576. By cle MenUIaCuers ASSORauais rats nousenoats, and lner £aets.
o, Lroubisheg g2tz Freignt vessc's, 1870-1976, ncle
Mzioreycles, 1940 Statistical abstract of {w00als, g, and barges gperaled g |

ine United States. 1976, U.S Bureau ol e “reighi transportation on U.S walerways
Popuiation 1s the resident population.

S T NS stalistical oty ial Molgreyele ‘ndu.uy Cour:

ci (Washingicn, DC 1578, 012, and
DI2YiOUS annua! ISsLas,

SrowmeDles. An assessment of tne
snowmolie manuldctunng industry ang
spert, 1978, Infernational Snowmehie In-
dustry Associatiun (Washgton, 0 G. 19/8)
appendy A, 0. 47, -

' Recrewhonalvemces 1861-1966: Motor
vehicle facts and fiqures 1976, Motor Vehile
Manufacturers Association (Detratt, 1977). o
27.1967-1977: Facts and trends 1977,
Recreational Vehicle Industry Asscciation -
(Chantity, Va., 1978), p. 4. 1976 Marroting

el S4d Al rulemies, ek
M, i, Batmere, Boston,

Cricate Coaeans. e Distrct of Columta,
Ko Yot Oy, g Trans-Hudson Port
Aumonty ang the New Jersay-Peangyuan
Port A, ¢y, Proageinhia, ang San rian
¢

A ey e COmnaICially

! Census (Washington: USGPO, 1676: 1able

v ddit!

988, p. 593 1950-1977: Statistical dostract
of Ing Uniled Siates: 1978 (¥".shngion. ~ »
USGPO, 1978), lable, 1090, p. 1. -

Ralroad cars, 1921977 Yearbock of
rairoac facts, Agsociation of nierican
a5 (Washington, DC, 197, pp 48. j

Cr ancrat, 1926-1955: Historical
statistics uf the Unided States, coiomal times
to 1970, U.... Bureau of the Census
(Wastagon: USGPO, 1875}, p. 772.
1960-1976: Statistical abstract of the Uniea
States: 1978, US. Bureay of the Censis
(Wastingon. USGPO 1978), table 1131, p.
bag.

ReCreatonal boats, 1973-197: Recrea-
ficnai boating i the continental Lmted S13es
in 1973 ang 1976 The Nanonwide Boa'rg
Survey. US- Coast G ird {Washinglen
USGPO, 1478}, pp. 21, .2

Freight vessels. 1970- 76 Transporiahon
energy tonservation dalz nook (3rd ed ), Oak
Ridge National Lagoratory (Qak R;dge Tern,

1979), 0. 1154

Fopulation Statishcal abstract of the
Unted States; 1978, U.S. Bureau of the Cen-
sus {Washinglon: USGPO, 1976}, table 2,p. 6

report, Recreational Veicte Industry Associa- - *
tion (Chaptlly, Va., 1979), 9. 6.

Mapeds, 1975-1977: Moped Associztion of
Amgrica, unpublished dala. 1978: News
felease. -

Molorcycles include wholesale shpmers
o dealers by Harley Davidson, Honda,
Kawasaki, Suzuki, and Yamaha for on-
highway, offhighway, and dual-perpose bikes.

Recreationa! vehicles include fotal
shipmenty of travel trailers, truck campers,
camping lraters. and melor homes, excep!

Jor 1961-1954, when moter homes are ex.
cluded. .

Snowmobiles'inciude all North Amencan
refal sales. Year re‘ers (¢ mode! year, for ex-
ample, 1978 data aie 'or Apnd 1977 through
March 1978

44
Local passengertravel 1950-1975

U S. Depariment of Transportalon, Offce
of the Secretary, unpublished data, in Enr
vironmental Quafty~1977, Council on £
virenmenta! Qualty (Washington: USGPO,
1977), p. 321.

Autos mclude taxis and personal trucks.
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Principal means of transportation
1o work, 1960-19?7

a7t nP‘Sth\d't’f""(‘ ruses, US

oo Cencus tlasnrlion USGRO.

16 gurrent housing (epor.s‘ seres HA23,
SCR(A 1E00NS. CPuNt O

477 Ay Wr'wcwr‘ﬂ a7,

g ot the Cenaug 1IWESh 13

uw (029750 pirt AL D . 800 previgus

[
s

Daaae o strcty compatece. Data t0r
19RO 1070 e al workers 14 years Cid
ang odter. 10741977 data i Sluce heacs of
hauseno 03 only

46
Principal means of transportation
to work, by location, 1977

See 44,

1.,
Intercily passenger travel,
1928-1977

Al modes. 1929, National transportalion
rencs and cnoices, U.S. Department of

" Tiansporlaton (Washiagion: USGPO, 1977)

114 1939-1956. Transportation facls and
sends (130 ed ), Transporlalion, Associalion
of Amenca (Wasninglon, 0.C.. 1977).p. 16
Allmodes exCept ar, 1960-1977: Mutor
wenicle facts and figures 1978, Motar Vahicle
Kanutaclurars Association (Washington, 0.C.
19761, p 54

Aur, 1960-1977 Transportation facts and

tengs (14t ed). Transporialion Associting

of America iWasninglon: D.C., 1978).p. 18.
Poputation Stalishcal abstract of the

nted Stales 1978, US Bureau of e Cen-

g8 (Washington USGPO, 1978).tavle 2. . b.

A1 1G]7 cata are prelminary
Autos and buses data include.nlracily
pottions of miercity (Nps and excludes rufal
forural s, Shctly mbracily trps with bot f
origin and cestination i the same Iy, local
" s o transit movemen, and norirevenue
school and government bus operation.
% Railroad data mclude commuter lravel
Commercial arcraft, 1970-1977, includes
Alaska and Hawel.
Populalmn i5 Ine resident populanon.

EKC

wll Toxt Provided by ERIC

» . Y

131

48 1
Intercity freight fransportation,
1928-1977

192 Hational ransportation rends &nd
choices, 1S Depariment of Trangportal 7
Wiashngton USGPO, 19775 p. 114
16391477 Transpartalion facts énc
frengs 114 eg), Transponialion ASSacalion

of Amerca (Wasnngion, DC 197610 8
Du a neuae Dot fornie ard privale
epeg and mad and express ransparigtion
a5 approprate, excep! for rait 104,
100- 077
49
Major pipelines, 1975

National transportation trends an CHOLES,
appendiy—U §. transportation flas, U S.

" Department of Transportation {Weshmgton

USGPC, 1976).

410
Energy consumption, by mode
of transporiation, 1965-1877

Transportation energy conservation a2
book (3rd ed ), Qak Ridge National Laooralory
(Ozk Rdge, Tenn., 1479), ORNL5493, p. 213,

Energy use for recreational bozls, ncluded ’

in the total, 15 nat disaggregaled separately.
One estimate ‘or 1976 puls s figure &1 0.38
quads per year.

Highway tatal incluces cwiian autos
(passencer Cas and 1), molorcycles,

- buses (intercily, schodl, &ng local), and
trugks.

Air includes general aviation and certited

a1 carners.

Water transport s estimated from fuel
puichased domestically.

Ral ncludes local ral (heavy aiid ight) and

operating Class 1 ralroads (passenger and -
freight).

Total for all modes includes ghsolin used
tor gther purposes than highway, waler, and
i lransporletion, such as for cleaning fud,
fire slarters, lawn mowers, elc.

411
Energy intensity for freight
transportation, 1976

See 410, 1. 228,

Tne ur ! of measura 1 the numper of Bty
consured per routelon-miig. A rguta-ion-mig
1egTesens one 10n of coods transgoried one
rogte-mie A tctemie 8 the gisiance trave
£q between fwo Selected pOntS, & GR1aNCE
mat ilfers for trancportztion modes For ex
ampe, the dsl e lraveled by an  shrigr
than that lizveles uy aUI0 Or 121, 50 thal gata
are nol strictly comoareble amang modes.

Data for pipelines are nol avahadle m @
comparatie form.

442
Energy intensity for local and inter.
¢ity passenger travel, 1976

See 410, 9. 2-28

The unt of measure s the number of Blu
consumed per foute-passenger-milg traveled.
A route-passenger-milg represents one
passenger traveling one foute-mie. (See
411) o

Dala do not include energy used In con-
struclion and mamtenance.

Disaggregated local and intercily auto
passenger \ravel Gala are nol evaiabe.

413
Automobile fuel economy
and standards, 1940-1985

Al cars; Highway statistics 1977 Federal
Highway Administration (Washinglon. USGPO,
1979). tavle VM1, p7 100, and previous
annual ISSUes. Hfgnway stalistics, summary
16 1965, Federal Highway Admistration
(Washington: USGPO, 1967) ;tao»e M- 201A
p. 42

New cars; Transporfation energy conserva-
tion data book (3rd ed.), Qak Ridge Naticn
Laboratory (Qak Ridge, Tenn., 979)
ORNL-5493, p. 2:29.

Dala are not strictly comparable.
 Dala for all cars are based on the average
‘number of miles traveled per gafion of fuel

consumed.

Dala for new cars are ba=°d on the 1975
Federal Test Procedure, which is weighted to
{ake into:account beth gity and h|ghway

dfiving,

New tars, 1867- 'zQH.mcs.',‘“ar:
DIOCLCILN Caid we'é y3z, 1973-1978 moel
Y9313, ! manLELIerS Saes f0ratas! (e

nefE‘ L.A?O

414
AutomeDiie emissigns and standards,

- 1957-1583

s aules, 1957- <H6’ Statistical anstract of
Jnited Staec 1978, US Bureau of the
W s noion USGPO. *476). tanle
5“‘ 0 215 1970-1978 US Envirermenial
Protection Agency, unpolishes cata
New autcs: Tre costs of clean ar, 1974,
US. Environmenta! Protection Agency
(Washinglon, D.C., 197¢), tatle 3:1.p. 1114
Automo*a exnaual emission Suivediance
analysis ! ne fisca. year 1974 program, US,

. Envronmental Protection Agency (Ann Arbar.

Mich.. 1976), 0. 12. Environmental
qualiy—1977. Council on Envroamental
Quaity {Washington: USGPC, 1977). 0. 22.
US. Depariment of Commerce, Bureau of
Economic Analysis, unpublished data.

Emissions from all hght-duly autcs,
1970-1978, andfrom all new autos are
measured by the 1975 Federal Test
Procedure, which assumes an average speed
ol 196 mies per hour al 75° F.

{057-174- Passenger cars ane ligh-duty
trucks wilh a gross vehicle welght ol 6,000
DOLNGS Or 1688,

1975-1985: Passenger cars orly.

Nitrogen oxides. 1957- 197" No'estimales
avaiabie

415

 Noise levels of surface trénsportation

vehicles, 191

Report 1o the President and Congress.on
noise. U S, Environmental Protecticn Agency
(Wacmgion: USGPO. 1972). Sen. doc. 9263,
0.277

416

. Population exposed to noise

at 23 major airports, 1972

Aviatiort noise abatement policy, US.
Depaumenl of Transporiation, Office of the
Secretary, and Federal Aviation Adminislia:
tion {Washington, D.C., 1976). p. 20.

R 13

7.777 -



Chapter 5

Material Use

bl JT o

and Solid Wastes

i eeopry masstngl eacialy rayw maternas

are gxiracted, refmeo’.'broc.f:ssed. ard
1ransformed nto finishead products. Along
the way. hese processes generate large
guantities of wastes, particularly soid
wastes.

Such wastes are inevitable byproducts
of industry. But s raises questions about

controling e 2mounts and types of mate-

rials needed to produce goods, the
amounts and typés of wastes that will be
creafed, and the ways Irf which they wiil
be disposea.

The main q.estuon is whether the proc-
es5ses by wiich raw materials are refined.
products. maca, ard Joods consumed can
ne modihied to reduce waste without greatly

moditving the Naton'e standaras of living.
(U S. residents procuce reughly twice as

much consumer solid wasle as 0o pecpie
fiving in countries with comparabe econ-

omies and standards of [ving.)

Sttt other gueshons re.zte 10 the
amounts of waste that can be reused or
recycied eccriomically and to controling
the disposal of wastes, particularly hazard-
ous wastes. in order 1o reduce damage 10
human heaith and the environment.

’
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Flow of materials, products,-
and solid wastes, 1977

Each year illions of tons of virgin materials
are extracted from miries, forests, and
croplands. As a result, roughly 2.5 billion
tons of sohd wastes are generaled in the
form of mine tailings and spoi's, forest
resiouals, and crop wastes.

The e¥iracted material is purified,
c"hemncanb treated ~physwal|y formed, or,
at mink,um, cleaned on the way to
pecoming a finished taw ‘material—-for.
example, from iron ore to:steel, from saw
logs to lurnber, and from roundwood to
wond pulp. This processing requires large
amounts of water and energy,-and it gen-
erates large volumes of fiquid, gaseous, <
and solid wastes that are often among the
most harmiul to the envircnment and the

" most difficult to control. In excess of 2.4
Billion tons of crude materials are then
transformed into finished produCts each
year.

The refining and fdbncatlng processes
generate an estimated 250 mlllson tons of
solid wastes per year. Most cofme from
‘mianufacturing, but large quantities ‘also
come from the transportation, communlca
non ar-: utilities industries. : 4
. ' The finished products may tie long-lived
capital goods, such as homes, commercual

. buildings, and automobites, or shortllved
consumer goods. Sconer or later these \
.goods and their packaging become waste
as well. . |

O

ERIC

Aruitoxt provided by Eic:
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e.:traction refining " :
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I , ‘goods
| and . ‘Ir‘
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i packaging
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52 | | . : B
\).S. material consumption, 1948- 1978 ‘

.

After substantial growth from 1948 to _
1968, consumpnon'm“airmaJoW‘étenal Million tons Million tons
groups excepl petroled and plastlc Y per yeal . per yeai
resing iias slowed. - 100,000+ 10.000
This slower growth may.-r result in-part” T ; '
from the slower.growth of economic activ- - i _‘ , | _ !
ity and of population, Measured in coh- i '
“stang-roliar gross national product, the
~-economy as a whole grew at a rate of - .
- 2.8% per year from 1969 to 1978, com o
 pared 10 3.7% and 4.1% in prévnous _ e o o
decades. Population grew at an annual- 10,000 | o - 1,000t
rate of 09% since 1968, compared to T |

1.5% for the two preceding'de\cades.' : | : 
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| joundwood . - |
o | v Natural gas
. ‘L / A \ . I /
. ‘ . 1]
10t 10t | 10t 10t
Pelroleum ' '
; . - , ‘\ . .
i o — — 1 n — I ) 1 J L , L J ) J‘ - I L ]
1948 1958 1968 1978 - 1948 1956 1968 1976 . 1948 1958 1968 1978 1948'1958‘ 1968 1978

IToxt Provided by ERI

ERIC

(R
\ ) ‘
-

TR R




53 '
U.S. material consumption In relation
to gross national product, 1948-1978 -

Fol most raw materials, there has been a

“continuing decrease in the quaniity con-

o { e i onfare G s
bUllIeU DEI mtluonv‘uu’.u{u 0! \JNP. , m”llon $
O] Million dollars of GNP are shown in 100,000
1972 constant dollars '

N 10,000¢

e

.-'1('3:
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_Plastic resins
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U.S. material consumption per caplta.
1948 1978

Between 1968 and 1978, per capila con-
sumptlon of most basic raw matgrials .

“aimost stabilized~Patroleum consumption—s-—---

increased 30% from just over 1,000 to
1307 gallons per person per year. Plastic
resins consumption doubled, to 172
paunds per person per yenr.

- Relative 1o historical levels and to other
countries, the United States continues to
consume very large quantitles of basic
raw materials, but growth in consumption
is slowing, and it may be declining relative
to overall eccnomic activity.

- 10,000 ¢

Pounds per person
per year

100,000

Building materials

_ Other non-fuel
1.000 minerals

100F
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~Solid wastes dlspooed o! by
manufaciuring industries, 1874-1977

Million
short tons ~, »

1,000

w

——/—-—- Total manufacturing

‘O _ |
Chemicals

1':.‘\'?"-0:\' I : .
//—: Primary metals

Food processing.

/ . K ‘ o
I”
,;". . /_\/ Siane, clay, glaas
‘: . 1 O L —/———;—‘__——'—_" )aper
I, /\ ;
. ‘ .~ Lumber
Transportation

/ . ,
- ~
PO N \/ Machinery;
. ol h\/___/// Petroleum and coal
o | =l == Fabiicated metal

o761y

1975 1

f]' 1
: 1974

T NN
———— e

Most materials and goods eventually
‘become wastes. They are generaied al
every stage in the production, use, and
disposal of manufactured products.
Atter the extractive industrles, the

largest amount of wastes comes from
manufacturing. In 1977 “these industries

dlsposed of an estimated 160 million tons
" of solid wastes as sludge, slags, dusts,
paper materials, and other or,gamc and

inorganic materials.
~ The chemical and pnmary metalindus-
tries produced the largest quantities. Much

of the solid wastes generated by the
chemical industry comes from processnng

= phosphate fertilizer.
: Most solid wastes from manufactunng
are disposed of in landfills, open dumps, of

|mpound'nems where pollutants often
leach into or run off to ground and surface
dverse erivironmental impacts

wat rs;(%
cur years after dlsposal

can
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| Hazardous wastes ganoraled
. by selected industries, 1975

57

. Iridustrial hazardous wastes generated,
!+hy EPA reglon, 1875 '

* Pumary melals. smefting. and reliing

B

Qrganic chemicals. pesticides, and explosives

Eléﬁiroplating

et
4 .

y ' “;-‘

Inorganic chemicals

Pelroleum refining

Rubber and plastics -

j

ot 2 3 4

5,

Millon metnc tons per year, wel weight

About 10% ot all industrial wasles pose a
possivle threat totiuman health or living
- organisms. They include toxic chemicals,
pesticides, heavy metals, o, acids,
caustics, fiammables, expiosives, and
. radioactive wastes. Most are iquids or
semiliguids (sludge), but some are solids

or ases. They are Created by indusires, - .

farms, government instalations (the

Depariments of Enrgy and Defense), hos

pitals, and laboratories.

(} The industries listed in the bar chart
account for approximaiely 60% of all
industrial hazardous wastes. '

v

\\.
‘e Peruenl of total hazardous wasle generated :
) 0% R 1019% m 2%t
Porentially hazardous wasles are concen-  Numerous, olten tragic, cases of dam
\raled in a few regions of the country. EPA“aga.to peops, plants, and animals resu ‘
Region V has the largest amounis of -~~~ from improper disposal of these wastes. ~
- hazardous wastes from six industies— .. Most potentially hazardous wastes are .
batteries, primary metals, electroplating; ——disposed of on land, Only 10% are ade
special rachinery, paints, and waste o qualely disposed of, and 2% are recov-
from refining; and-Region IV was firstin - ered or recycled. Gomman disposal
itorganic and organic chemicals, explo- methods Include lagooning In unfined sur-
sives and pesticides, and petroleum " face impoundments, 50%; dump and land:
refining. -~ N fling, 30%; uncordrolied burning, 10%; -
. Although generated asbyproducts of . and deep well injection, less than 10%—:_
industrial processes, mos! hazardous -~ all melhods that do not fuly contain the |
wasles are disposed of away from the wastes. The most common damage .
: plantb EPA estimates the number of reported § ofntamination of ground and .
active hazardous waste disposal s1es st surface waters,
‘over 19,000 and the fotal umoer of actve
and inactive sies at nearly 50000. -
147
' 8
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Consumer solid wastz: ;zspased of
and recycled, 19601772

59 .
Consumer solid wastes disposed of,
by materials, 1678

tillic 5

150
Gross *'sposd
s Net disposed
125
100
g e
50t
25t
' - Recycled
et e e m: M”L ————————
e - e )
1960 1965 1970 1975 1980

o

Consumer wastes are almost as valum

nous as menufacturing wastes. Consumer -

soid wasles—the used reSIdenNal and
commercial, product,:,@g tendupas -
municipal trash and garbage—totaled 150
~million tons in 1978, equal to about 3.7.
pounds per person per day. By 1990, con-
sumer § sold wastes are projected fo grow

FR] KC )n fons per year, which is 44
(e person p¥er day. (T he 1975

LT TR

...........

" does not necessarlly indicate a long-lérm

trend)”

" The wastes recovered for ploductive

Uses are only-8% (12 million fons) of all
discards. ‘

Consumer soid weses are disposed of
. across the Naton in 16,000 landfils, 200

incineralors, thousands of open dumps,
and as fiter everywhere, About 8% are -
incinerced. |

Miliion tons

inorganic wastes.

Paper is the argest calegory of consumer
solid wastes, folowed by yard wastes; .

~ lood, glass, and melals.

In the past 25 years, change have
occurred in the compostion of sold
wasles disposed of, The increases are i
paper, alyminum, packaging materil,
plastics, nonrefurnable be:éLerage con-
tainers, and collected yard wastes. The .

decreases are in food wastes and in coal

and wond. aghes.

75

“*\iscahaneous includes plaslics. rubbei
and leather, textiles. wood, and some

100

150
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Recvcled const..er solid wastes,
by material, 1960-1378

Sources and technical notes

L
‘

Percent,of gross:"discards recycled

a5,
4o D I
20 Papar and
/ paperboard

/

j

!

o !; !
U \"‘-\,f"/
19 ‘
#
/

Aluminum

Rubber
Glass
Ferrous metals

od

B T PR

- Only a small percentage of consumer
wastes is recycled. Waslepaper accounts
for mote han 84% of 1. The rate of -
~recycling for wastepaper (more than-18%)
is higher than that for any.olher waste.
~ Auminum recycling has been groning
because of the number of uminum .
heverage cans made from recycled mate-
rial. In 1878, more than a fourl of these EO

GO cyckd e
150“* SR

" botlles. in malerial convarsion, the waste’ is

* paving materlal from aulo tires. Energy

51
low of meterials, produc's.
and solld wastes, 1877

Adapted from Choices foc conservaticn,
Resource Conservation Committee (Washing:
ton: USGPO, 1980), fig. 1,p.7. "

Brsource recovery tefers 1o a productive

- uge of malerial that would otherwise be dis-
- posed of a5 waste: It encompasses recyclng,

mateslal conversion, and energy recovery. . -
The tmust comnor process i fecycling, the .~
reprocessing of wastes 10 recover the ongmalj; ;

raw matgrial. For example, steel s recovered;
from ¢ cang and fier is recovered from
waslepapa. Reuse differs i That a producﬁs"
reused In th same form; for example, glass. -

used in 2 diferent form, sich s Ir road- -

fecovery refers 10 obtalning heat from:
orgaric wastes, as i refusedenved tuel

mcmeratom :




52
U.S. material consumption,
1948-178

eyt tabie 3 p 28

Eonenates tor he raw malenals consumed
seCoun! 1o mote tnzn 85°, of all malerial
e Uy gt Ory large volume materals

bt Geen ncluged Synihelic organics other

“Wgn phistics ang many melals were omited.

53

U5, material consumption
in relation lo gross national
product, 148-1978

Ser &1 table 4.1 29

54
U.S. material consumption
per capita, 1948-1978

Sge 5.1, tabli 4 p 24,

55
Solid wastes disposed of by manufaclur.
ing industries, 1874-1977

. Potution abatement costs and e4pend

s 1977, U°S. Bureau of the Census
(Washngton USGPO, 1979), current ngustrial
(eporis MA20077)2. tablg 4, and previous
annual 155065,

Dati sichide sold wastes properly tisposed
of by means acceptable to local, State, and
Federal authorties. Recovered materials are
exclided. The aggregated data are composed

paitly of wel weight and parly ol dry weight
figures. Wet weight, which includes the waer
conlent, 15 ne tonnage actually handied and
" charged for by the wasle treatmant induslry.
The apparent decline in lumber wastes
belween 1976 and 1977 may reflect a change
in survey samples rather than @ change in the
amoun! of solid wastes disposed o,
Sludge is the residue from scrubpers or
- alter wastewater has been tieafed:
Dumps, fandills, santary landll, and
senured 1and ils are: the four major types of

o1 aste land Cisposal Sies tha' recene
oot muniCinal and industria (incluging com-
me:cial) sohd waste. In s Report to Con:
gress; Wasie disposal practices and their

.effects on ground vater [Washinglon. USGPO.
; 1677}, p. 145, EPA has delined the four major
! ypes of sies as follows:

- fdump 15 &n uncovered land disposal Siie
where sold andlor lquid wastes are deposied
wilh fittle or o regard for pollution conlrol or
aesthetics, Dumps ere susceptible o open
burning and are exposed 17 Ihe elements,
veclors, and Scavengers. - ‘

“A landfill s a land fisposal site located
wilhout regarc 1o possible eifects on water
fesources, but which employs intermittent or .
dally cover 1o minimize Scavenger, agsthelc,
vector, and air pollution problems.

“A sanitary landhl is a land disposal site
that er.ploys an engneered method of dis-
posing o solid viastes on land in & manner

Ihat minimizes environmental hazards by

spreading the solid wastes in thin layers,
compacting the solid wesles to the smallest

practical volume, and applying and compact-

ing cover material al the end of e2ch oper-
aling day.

“A secured Ianolm is a lang cisposal ste
ihat allofis no y raulic connection with
nalural walers, segregates (he waste, nas
restricted access, and is contmually monk
fored.”

Leachale is formey 1rom waler percolatng
Ihvough solid wastes. Leachale from post
consumer soidwastes is a ighly mineralized
fluid containing chloride, iron, lead, copper,
sodum, nirete, and a variely of organc

chemicals, Municipal sies generale about 90

billion gallons of leachate per year, mos of it
fltering into ground water. If manufacturing
wastes are included, hazardous substances

such as cyanide, cadmiym, chromium, chlori:

- nated hydrocarbns, and PCBS may be prSEﬂl

in leachate,

56
Hazardous wastes generated,
by selected industries, 1975

“|JSEPA's industry sludies on hazarcous
wasle management,” presented at the
National Conference on Hzardous Waste
Managemenl, San Francic -, Febiuary 1,

1977, table 3, p. 9.

Data on hazardous wastes by the manutac:

turing sector are not slriclly compatabig to

the data on total manufacturng Solid waste
shown in 5:5.

EPA swdied seven olner industriss: Special
machinery, which gengrales 0.16 millon
metri lons per year, leather tanning, 0.15;
paint and ailied products, 0.10; pharmaceuti
cals, 0.07, waste ofl re-refiming, 0.06; elec:
tronic components, 0.0¢; battenies, 0.01.

Hazardous wastes can damage human
health of living 0rganisms vevaiise (hese
wasles are lethal, nondegradable, or

persistent. They can be biologicaly maghmed.

They can cause or tend [0 Cause detrmental,
cumulative effects.

EPA has defined potentially hazardous
waste in terms of potentiat damage from
improper land disposal. These damages’
include “ground water contaminalion via
ieachale; surface water conlamination via
runoff; air pollution via open burning, evapo-
ration. sublmation, and wind erosion; poison-
ing via direct confact, pousonmg via the food
chedn: and fire and explosion.” {"The poten-
tial for national health and environmental
damages from industrial residue disposal,” €.
C. Lazar, et al, in Proceedings of the
National Conference on Disposal of Residues
on Land, September 13-15, 1976, sponsored

- by the EPA Office of Solid Waste. p. 196)

5

industrial hazardous wastes generated,
by EPA region, 1375

See 56, tanlg 5, 0. 13

54
Consumer solid wastes disposed
ol and recycled, 1960-1978

{GF-1970: “Post-consumer solig waste
and fe;0uice recovery baseline,” Franklin
Associales, Lid., prepared for the ﬁesource
Conservation Committee (Washmgton EPA,
1979), tabke 1,p. 9. 2

1971-1976; Environmental Protéilion
Agency, Office of Solid Wasle, unpublished
data.,

1977-1978: Frankiin Assaciates, Lid,
unpublished data prepared for the
Cemmitteg,

Congumer solid wastes exclude waslewaler
treatment siudge (about 5 million tors, dry
weigh!. per year), ciscarded aulos and build-
1ng demolition materials (30~40 millon tons

e yaar), slreel sweepings, and fitter,

{1 food and yard wasles are excluded the
nel waste disposed of Dy consume resh
dential and commercial sources in 1976
becomes 100 milkon ons.

59
Consumes solld wastes disposed o,

by material, 1978
See 58,

510

 Recycled consumer solld wastes,

by materlal, 1960-1978

1960-1970: See 58, pp. 11,21,

1971-1975: Resource recovery and wasle
reducon: Fourth report fo Congress, EA
{Washington: USGPO 1977), SW- 600 table ,
P. 19,

1976; Environmental Protection Agencys
unpublished data.

1977-1976; See 58.

Data for ferrous metals are highly inferen
fial and prelimmary. '



Chapier 5

Toxic Substances

Because “toxic” is a relative term, it is not
useful 1o classily all chemicals as toxic or
nontoxic. Toxic effects deperd not only on
the composition and basic properties of
substance or mixture but aiso on the
dosage, route and concitions ©f exposurz2,
susceptibility of the organism exposed,
and other tactors. ,

in this discussion, toxic substances are
chemicals of mixtures of chemicals, either
synthetic or naturatl, that are poisonous to
humans, plants, or animals under expected
conditions of use and exposure. These
substances include pesticides, some
industrial chemicatls, drugs, hazardous
wastes, and radicaclive materials.

Toxic substances can cause immediate
poisoning, behavicral and other nervous
system disordets, and other ilinesses.
Over time, exposure can lead to chronic
ailments and disability and --an affect the
growth of cells; sometimes causing cancer,
genetic damage. or mutation. Owing to
thieir widespread distribution, use, and
disposal, toxic substances pervade the
environment.

Four kinds of toxic substances have

. been chosen 1o illustrate conditions and
trends: pesticides, industrial chemicals,
metals, and radioaclive materials. The | g
examples chosen are known to be dam-
aging to wildlife and natural systems as
well as people, and data are available on -
their production, use, distribution, and
effects. Most have been studied in detail
and are or were important commercially.-
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Selected foxic substances

A grea! deal has been discovered abou!
Ixnown toxic substances
move through the environment and influ-
ence tne healtn oi widlife and humans,
Many have been identified only after harm
vas apparent. Few substances are ade- -

how some 42

quately tested for iongterm toxicity before
tney are produced and used. Few are

Posticides
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adecualely monitored 1o ensure that con-
centrations remain below safe levels. And
litlle is known about the cumulative and
interactive effects on the health of lving
systems of 50 many of the toxic substances
that are present in the environmen!.
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Human neath &lecls

Fryvaormania ellects

(iass. peshiciges, harcenng agent

1o copper, ead and aloys

Eieciiplaling balterss, pigments.
pesicices. Shabidzer in plastics.
tres

Baienes. gas aadines. paint,
tar« lRings, pipings

Crlonne production (Chior-alkal).
seentific and ncustral
msiryments. pesticices, batlenes,
contraceptve jellies and creams

Vomiting, poisonng. degeneraiion
of kver and kicreys, lung, lver,
wyoh, skin cancers

Headache, vomiting, chest pains,
hypertension, emphysema. heart
diseass. suspected carcnogan and
my*agen, kidney and ayer diseas:

Anemia, kigne * damage, CNS
gamage

IrntaDiidy, nervausness.
cepression, halucinations, kidney
damage, fver damage, CNS
oarmage. fetus abnormalities

Persists in soil, 1oxic 10 legume

cots

Toxic 10 fish n low concentrations

Paisoning n domesiic aniials,
ores, ang fish

Reproductive falure, aeath of fish

+
R {rng: seurce
Metals
mI5E0T NG, Ole-smading
Cudr Lang. zimc-smaling,
sewane shoge
Leas ‘ Maing, leaching
hhorcyry Kining. teaching.
voloani ection
o -
Radiation
Hatura
Cearmre Siar system
Torestig) Sols rocks, buldng materals
liranume2 38 '
horume 237
Patasss M-t
Radon-0l2 Mg
Manmane
thegica
Pty
* Cobalt-i)
fdine- 131 Pharmacectica’s
Faliout Weapons use, tesling
Cesum-137 ‘ ,
Strontium-90
lodine-129
Thanur
Huclear reactor Controlled nuclear reaction
+ Krypton-85 '
Trtum
loding-131
Consumer producls
Radium-226
Sources:

Mineral facts and problems, U.S. Bureau
of Mines (Washington: USGPO, 1976), bul
66,1, -

o g
1l

Mired progdcts uranum fuel cycle

Dertal and megdical ezaminghions,
cancer freatment, medical
freatment

Electric power generation

Decay products of tonucides Walch dis, clock digls

Summary characteristics of selected
chemicals of near-term interest, EPA
(Washington: USGPO, 1976}, EPA
., SE0I478004

Genetic wtghon. canger

Lung cancet

f
Cancer, genelic mlainn

Cancer, genelic mutatien

Cancer. genelic mulation

v

Cancer. genelic mulaton

Pest control: An assessment of present
and alternative technologies, National
Academy of Sciences (Washington, D.C,

T

i

Naiural rate of genetic mutation,
and cancer

Cancer, genclic 1hulation

- Cancer, genatic mutation a

A
-

}
Cancer, genetic mutation

) Federal regulations on toxic substances
were published in Regulatory Reporter,
Intgragency Reguiatory Liaison Group
(Washington: USGPO, 1978)v.1,n.1. -

slag ®



Pesticides

g2

Synthelic organic pesticide production,
by type, 18501978

Pastcdes 3 Cremica Compounds Lsea
M control plants ang anmals that are
Classt g a5 pests Tney 478 most widey
used ~n crops, bul tney are aiso used n
ard around the home on INSecs, 1ocents,
weeds, and pant diseases, in wood
010CESSNG a7 Dresering. 0 paint; n
food sirage; and n public healtn pro-
grams Insect and weed ccrlrol are e
A0 MOSE COMMAN USEs.

Some pestcides are appied drectly 10
piants or on. Soon after applcation, they
az dispersed into the environment, o that
appications are often repsated A3 the
peshicides accumulate i the sol and
wash mto sireams and rvers, they can
alfect s, birds, and other wilclfe.

Pesticides reach humans through the
food chan or by direct contact Amost all
peaple 1n the United States b /& measur-
able amounts of pesticides in their bodies.

Because of the toxicity of pesticides in
concentrated form and because of the
fraquency of exposure. the mos! serious

Juman health effects are found among
agriculural and production workers. Long:
sermyand chronic health effects occur as
the chemicals are ingested and inhaled.
Boaccumulation—the buldup of toxic
materials i fissues—is evident in fish and
birds as well as n humans,

Two-thirds of the insecticides used in- -
agriculiure are applied by aircratt, but only
25% to 50% of it reaches the crop. A
large portion remains aisborne and crits
or is lost through volatiization, leaching,
and surface transport. Less than 1%

- actually comes in contact weh an insect.

Herbicides are usually applied dieclly 10 »
plants or the soil. ‘

IToxt Provided by ERI

LRIC 15
¢ 1

Killicn pouncs

2.000
~
LSOO;
' - Synthetic organic
4 pesticides, fotal
{
1,000t
, Hericices
Insecticies
500
> ,
T gt
!
l 0 n borit A A )
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Insacticide production, by typs

Farme rs are increasing their use of herbi

© _move tothe mummumnll , B ‘ .
Elmeg.andpepanng thesol ' o - oo
for tlanting. , b Ty "

-~ were banied for crop use in 1975 Toxa:

phene, now the most widely used 0rganc-
chiorine, is under review, and its use may

eimed.

P

)

of chemical, 19601978
.~ Milion pounds
1,000 - | | — T
, " | Total
inseclicides
e PN NS Organochioine ’
- insecticides
P
v AV ;
S
\ 4
. \ / 7/ . .
1007 ‘ Organophosphorous, -
' \ insecticides \
L
" The total amount of insecticides appliedto
, major ciops has not increased appreciably - -
*In ecent years, alhough use, measured i
! ' terms of acres Yealed, grew 32% from - -
! ~ 1971 1 1976, lrgely becawse of i+~
creased corn applications. -
c | . . Three majo tyes of Psectcdes are -
‘The use of synthetic organic chemicalsto | " , ysed by farmers; organochlorines, organd- .
-control pests grew rapidly after World , - * ‘ ' ‘ . phosphates, and cabamates. + ©
War 11, From 1950 to 4975, production T B . o , o The organochiorng compounds are ~*
increased at an average annual rate of. 1950 1960 v 1970 1980 ;_belng replaced as it becomes evicent that -
18%. Wilh the warldwide grain shortage in o : ' they cause extensive, possibly ieparable,
19731974, U.S, farmers brought milions - " : * harm o wildie. Production of specific
o arg of food and feed grains into pro- -~~~ , \ ﬂ insecticides was restricted and use cur-
ductioh and apolied more peslicides than , o ' - " talld, DJDTwas‘banned for most uses by -
*ever before, When agricultura! expansion "EPAin 1972, but someis il exported fo- - -
slowed, s did the production of pesficides. - v v " tropical countries for mosquito control,
Singe the early 1970s, there have been " - o S * Aidin and dieldrin wer bamned for most
changes i the type of pesticides used. - . o , . 1'4 uses n 1974, Heptachlor and chioydane -
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Selected herbicides used by farmars

on crops, 19641976

i pounds
o

100; -
l e A

o
o+

0.1 -y e —
1964 ~ . 1970 19

More herbicides than inseclicidesare now

used in agricuure, Herbicides were
applied 1o more than half of all cropland in
1076, whereas nsecticidss were applied
10 less than i, This increase is the
resul of mare frequent appiications,
Healment of more acreage, and the *
development of new kinds and

combinations of herbicides.
‘ b

N

B

p Alrazine

t

. Million acres treated:
© 1,000

Total
herbicides

herbicides

e Tola

/ herbicides B
100 ; :

) Pounds per acre

ar.

=

lachlor,
24D
Trifluralin

At?

4

10 / /Alach]or ' ” 2

—d 0 s

/-& 2.4

Average, all
herbicides
Alachlor

Atrazing

Pl

" Trifluralin

eed

01—
(L3 1964

The changes in use are dramatic. Be:
tween 1952 and 1976, com acreage
treated with herbicides increased from
11% 1o 90%. Cotton acreage increased
from 5% to 84%.

t

1970 1976

Alrazine and alachlor, used mainly on

- com, are the most common. Another

herbicide, 2,4:D, s used on a wide variely
of crops, incluing wheat, and on pasture
land. Triflralin is used widedy on cotion
and soybeans. /

i

" 1964

19700

1976
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Selocled Insecticides used by faimers
on crops, 19641976

Milion pounds

1,000 1,000 8 |
.\\‘ : '\
’ & ) '\7
- Total,
insecticides Toxaphene -
100 Mlother 100 Total $ B
insecticides insecticides
\ o
g ~Toxaphene 5
©o Methyl
| Nppr - paralhion Methyt parathion
. Carbofuran Ethyl parathion
N " Carbofuran 4
7/ ~~ Eny, | :
S parathion ‘. - Toxaphene |,
-/ | DI dl .
" \ " Average,
B ' N ( C T inseclicides
! . 1 ,, 21 +# Methyl parathion
i . \ A Ndrn/dieldrin
A_Idnn‘/ Aldrin/ dieldrin : o
digldrin . « _
M 1t Carbofuran -
Ethyl parathion
(R — NP 2 [ ] — . : 0 L~ - o I .
1964 1970 1976 1964 1970 - 1976 1964 1970"- 1976

The organophosphorous inseciicides—
methyl parathion, ethyl parathion, mala-
thion, diazinon, fonofos, acephate, and
phorate—are verf toxic to both wildlife
and humans when first applied, but they
are Jess persistent than the
organochiorines.

Millon acres treated

Pounds per acre’

W

As recenfly as 1966, organochlonnes
"+ accounted for 60% of all farm crop
insecticides used. By 1976, the figure had .
dropped to 29%, and.use of methyl
. parathion, etfiyl parathion, malathion and

. other organophosphorous insecticides was

at 49%. This change has helped redJce
the esidue problems because organo-
phosphates break down more rapidly than
the organochlorines. But when firs
applied, the, organophosphats and
et '

R

 carbamates are more acutely toxic to-

* both widie and humans than the

... organochlorings,

~Among the insecticides, toxaphene

used extenswely in the Mississippi Delta
States on cotton crops, was usedthe

most, I was follwed by metyl parathion,
also used on catton, and carbofuran, used

"on .COfH.
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Pasticide residues in river waler

and sediments in Texas, Loulslana, ¢ .
and Oklzhom; 19681976 \
Pesticide resiaues are found in streams, k
rvrs, lakes,fand coastal vlers. They -
-enler the walesways-from agriculural fun- . . o R
o, utban runol; accidental spils, and dis DD! § Aldin =, Dieldrin
,ghafd_els ‘:Iémdl:.d.'gn stes, 1971'. 1!2 | " Percent of samples pgrcent of samples Percent of samples
s lisled pestcdes as major PORIENS iy residues wilh resicues with residues
of streams and rivers. | , - ,
esicide esues I Okefonz Tes, 001 100 S |
and Louisiana rivers indicate the per- N //\ o
*sistence of pesticides, particularly the 80 Sediments 80 | / - 80 Sediments
organochlo 2. Significant amounts of Sedments | | o
pesticides . 51l detected wall afleruse . 60+ \ 60 Y 80t : '
was first restricted in 1972. Pesicide | ' \ - '
levels sediment continue to be higher g0l L 40 \ s Wa“i’\ /f“ /\
than in the water, Waler t 3 o / §
20 20 A 201
’ 1 Waler ‘ , '
0 RS K R |:|&-1: ‘n FE SRR RN (s 0 PR T Y S SR T T |
1968 1972 1976 1968 1972 1976 1968 1’9725_ 1976
K. ;b
Chlordane Malathion 240
Percent of samples Percent of samples Percent of samples
with residues | with residues with residues
100 -~ 100, 100y
Sediments ' .
o | 80 } 80t 80 !
Stream monitoring sites o o | : o
80! 60 hp -
Water , - © Water
407 407 Y40t \\
20} ol 7w
0 ||l|l-'ll]“ P R R G M 0\\ e b
' 1968 1972~ 1976 1968 1972 1976 J . 1968 1972 1976

»
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Pesticide rasldues In fish and blrds,
1986-1976

Fish and birds are good Indicatars of
pesticide contamination because they feed
on smaller animals and on‘crops, and they
~ are found in almost every locale

Residues of DPT. which was banned in
1972, have decreased in fish in the eight -
‘years of monitoring. Levels of foxaphene,
used primarily in the South and Southeasl,
have ncreased.

Fish -

Parts per million
15,

- DDT-and dieldrin.residue levels mlnm____ RN BB

slarhngs have not decined appreciably
since 1970, ahhough dieldrin was banned
" for most uses in 1974, The presence of
DDT may be explained by s persistence
in the environment, perhaps augmented by
||Iega| use or importation.

Waterlowl in the Atiantic iyway have
h|gher concentrations than those in less
mduslnal regions,
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6-8
Pesticide reslduas in human iissue
1970-1976

Parts per milkon

051

8 -
6}
4l
|
19.70 1.9?3
Pe;sticides nter the human body through |

ingestion{ through inhafation of aerosols
and dusts, and through the skin. For -
organochlorme pesticides, residues of the
“parent compound or their metabolites are
accumulated and stored in fatty tissue.

‘Thase residues indicate the wide distri-

bution of a pesticide and can signal a
potential health hazard.
Organochlorine pesticides are in the

_fatty tissues of virtually everyone in the

United States. The levels are not acutely

- hazardous, although many individual

po:sonmgs other acu.e illness, and
ronic illness have been treated.

1976

L]

Parts per million

257
FAN
20t -, o
+, Dieldrin
. ."-.. -'f" ‘.\-;'-,
15 ¢ _ > )
Oxych!ordane//_— .
.’/’.. 7

A0+ ‘ . / ,

Heptachlor
apoxide

1970 1973 1976

DDT was detected in almost every
human tissue sample analyzed. There has
‘been a reduction in concentration since
the early 1970s, but the frequency
remains the same.

Low levels of dieldrin were found in
almost all tissues analyzed. Concentraticns
remained appreciably unchanged during
the curvey years.

Oxychlordane and heptachlor epoxide,
representative of the pesticides chiordane
and heptachlor, were also found at low
levels but with high frequency.

. 1



Sources and technical notes

62
'Synthelic organlc pesticide
productios., by typs, 1950-1978

Synthetic organic chemicals 1978, Intemna:

* tional Trade Comnyssion (Washington:
USGPO, 1979), and previous annual issues.

The International Trade Gommission pub:
lishes production and sales dala for a
synthetic organic chemical only If three or
more companies produce it Because most
pesticides are palented and are produced by
fewer-than thee companies, production dala
. d0 not become publictknowledge. Production

Cala include the quantity made available by
the ongmal manulaclurers only; they exciude
intermediale products. About a four's of the
amount produced 15 exparted.

Nalional pesticide use is currently
monitared for agriculture only; missing from
the folals 15 the approximately 40% used in
or aroynd the*homie, in government, and in
the commercial sector.

Data from quinquennial USDA farm,
survays (ser- SOUTCES in 6-4) are made pL.olic
approximately 2 yaars after the, data are
collected,

Insecticides iricluge fumigants, rodenti
.cides, and a small quantily of synthelic soi
condiioners,

63 , oo
Insecticide production, by type
of chemical, 1960-1978

Synthetic organic chemicals 1978, Intema
tional Trade Commission (Washington:
JUSGPO, 1979), and previous annual Issues;

onganochlonna data for 1970-1976 were esti

mated from a ;raph in the 1976 issue
{USGPO, 1977), . 268. '

Insecticides include rodenticides, soil can:
ditioners, and furrugants, Organaphosphorous
data are nal avzi:able for 1967-1969.
Becausa of confwdentiality rules, carbamale
data are not available,

“M

¢ 1971 Farmers' use of pesticides in

64
Selected herbicides used by farmers
on crops, 1964-1976

1964: Quantities of pesticides used by .
farmers in 1964, USDA Economic Research

.~ Service (Washingtan: USGPO, 1968), agr.

econ. rep.-131, pp. 19, 20.
1966: Quantities of pesticides used by

farmers in 1966, USDA Economic Research -

Service (Washington: USGPO, 1970), agr.
econ. rep. 179, tables 23, 25, pp. 37, 38, 44,
1971
Quantities, USDA Ecanomic Research Serv-
ice (Washington; USGPO, 1974), agr. econ.
rep. 252, pp. 9, 40, 41.

1976; Farmers' use of pesticides in 1976,
USDA Economics, Statistics, and Coopera-
tives Service (Washinglon: USGPO, 1978),
agr. econ. rep. 418, pp. 9, 36, 38.

i
. S-lacted Insectcides used by farmers
C

.« CTops, 1964=1076 )

1954; Quantities of pesticides used by
farmers in 1964, USDA Economic Research

. Service {Washington: USGPQ, 1968), agr:

econ. rep. 131, pp. 26, 27.

1966. Quantities of pesticides used by
farmers in 1966, USDA Economic Research -
Service (Washington: USGPO, 1970), agr.
econ. rep. 179, tables 28, 30, pp. 50-55.
Extent of farm pesticide use an ¢rops in
1866, USDA Economic Research Service

. (Washington: USGPO, 1958) agr, econ. rep,

urp9

1971: Farmers' use of pesticides in 1971~
Quantities, USDA Economic Research
Service (Washington: USGPO, 1974), agr,
edon. rep. 252, pp. 13, 50.

1976: Farmers' use of pesticides in 1976,
USDA Ecanomics, Statistics, and Coopera-
tives Service (Washington; USGPQ, 1979),
agr. econ. rep. 418, pp. 15,48,52.

DDT includes its refated compound TOE.

Aldrinidieldrin data for 1976 include aidrin
only. Because-aldrin rapicly breaks down into
it metabolite, cieldrin, mos! residues are

dieldrin,

Iy

66

Pesticida residues in river water”
and sediments in Texas, Loulslana,
and Oklahoma, 1968-1976

. Environmental aUam}—!Qﬁ, Council on
Enwironmental Quality {Washington: USGPO,

"1977), p. 242, UPGRADE analysis of U.S.

Geclogica! Survey Hata collected at 80
glream moniloring Sites.

Data are annual composite datection rates.
Other agricultural regions may have concen: .
trations as high as-or higher than these.
These levels are functions of monitoring and
do not reflect the extent of the problem
elsewhere,

67 '

Pasticide residuos in lish and blrds
1966-1976

Fish: U, Fish and Wildiite Service,
Golumbia National Fisheries Research
Laboratory, Columbia, Mo, unpublished data.

Starlings, 1968; "Natignwide residues of
organochlorines in starlings, 1974, Donald
H, White, Pesticides Monitoring J. 10:15
(1976). 1970-1976; “Nationwide residues of
organochlorings in starlings, 1976, Donald
H. White, Pesticides Moritoring J. 12:197
(1979).

Waterlowl, 1956 Based ¢n “Occurrences
of PCB in National Fish and Wildiite Monitor-
ing Program,” Charles R. Waker, US. Fish
and Wildite Service. 1969; “Nationwide resi-
dues of organochlorines in wings of adul
mallards and black ducks, 1972-1973,"
Donald H. White and Robert G, Heath,
Pesticides Monitoring J. 9:184 (1976).
1972-1976; “Nationwide residues of 0rgano-
chicrines in wings of adult mallards and black

ducks, 1976, Donald H, White, Pesticides

Monitoring J. 13:16 (1979).

Fredhyater fish were sampled in 50 States
as part of the National Pesticide Monitoring
Frogram. Two-thirds of the fish were caro,
suckers, catfish, and other bottom-dwelling
species. The remaining were predacious
species: trout, walleye, bass, and bluegil. The
whole fish was anaiyzed. Data are in terms of
geometric mean, DUT includes its deriva:
tives, Oieldrin includes aldrin.

Starlings were sampled-in the colerminous
48 States as part of the National Pesticide
Monitoring Program. Feel, beaks, wingtips

and skins were remwoved and the remainder
analyzed. Approximiately 1,400 starlings were
analyzed each year, Dat:: are in lerms of
geometric mean, wet weighi. ODT refers to
its derivative, DDE.

Waterfow! residues were sampled in [he 48
States as part of the National Pesticide
Moniloring Program. Each year more than
5,000 samples were drawn from adult mallard
wings sent to the U.S, Fish and Wildife Serve

" ice by sportsmen, Data are in terms of mean

wet weight, DDT data for 1966 refer only to
its derivative, DDE; for 1969-1976, data
include its metabolites.

64
Pasticide residues in human tissue,
1970-1976

1970-1974: "Survey of peslicide residues
and their metaboliles in humans,' R. W, Kutz,
S, C. Strassman, and A, R. Yobs, Pesticide
management and insecticide resistance (New
York; Academic Press, Inc., 1977), tables *
4-7, pp. 530-534,

1975-1976: Environmental Protection
Agency, Oifjce of Toxic Substances,
unpublished'data.

Data are for fiscal years, :
Pesticide residues and associated chemi
cals were measured in the 48 colerminous
States as part of the Nationa! Human Moni-
toring Program for Pesticides.
v Approximately 2,000 samples were
-collected each year by medical pathologists
*from selected cities. Individuals with known
or suspecled pesticide pmsomng were
excluded.
Data are in ternis of geomelric mean, |»p|d
basis. DDT includes its metabolites.

!-‘d.‘
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Industrial
chemicals

€
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Production of selected industrial
chemicals, 1950-1378

M, chemicais fourit industrict.

COmime! a' and housena'd environ

ety 4 tGAG UNCer Certain Longicas,

Amicig Ing MESt Commen are #shesos,

'owm g, iyl chlond:, acrylonilrile, o

phinalates. A1 are mportant gustial
migterals wiuely gislrhuted in varous
o, and alt have serious healln

eﬂel,,lh) Poivchlorinaled.biptienyls [PCBS)

ware mportant ingustrial chemicals unti
. {neir ffects wer gemonst traled and
proguction was smpped '

: Aébmtos cCLﬂSb of minerals, 15 used
i more then 2,000 prodscts and groc-
gsos, luding piping, constiuelion,
“Jiapiookand DrakE linngs. BenZene,
an arganic compound derved from
peloleum, 'S termediate in tre

oroduction of piastics, dyes, nylon, food -

addives. detergents, drugs. and fungs
cedes. 11 is a0 Used a5 2 gasoine.
addive. Phihalates, a class of inter:
mediate synihetic oiganic chiemicals,
are 1 widespread and growing use &5 @
casin 0 he prod.chion of plastics, mac!
cement, paints, and finishes:
my\ommle 15 use( s a 1esin n 1le
,') roduction of plastic bottles. qc*fyhc
vers. and texties. Combined with 1 Bula:
dxewe and styrene, acryloniinilg forms ¢

polyraer, ABS, widely used in apoliances.

-utumuﬂm uggage, elentiones. and

many oiher common industrial and

. household products Vinyl chioride 15 a
gas used Ir he proc.ction of plasiics.
PCBs, liquids previcisly Lsed 1 ink .
solvents, adnesives, textile coalings, and
pesticides. are now used only in
elecirical lransiormers and other clobed

systems, but many oroducts containing
_ PCBs remain in use.
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%, | Flow of ashestos in the environmant b
(thousand metric tons) -
< ‘ .
™ $ R
"
e Ashester L T <
Y | noncrele pipe -
. 2 Flooring ’ |
Mining - ,
’ Miling ' : Natural
Y Imports ) Asbeslos keng somées
| Stocpi releases [ V] concrete sheel 532 -
' N Friction producls £

1
VoLt

Production of berizene, phthalates,
acrylonitrile, and vinyl chloride has
increased rapidly during the past 20
vears: Aimost 11 billion pounds of ben-
zene were prodiced in 1978, making i
oie 0f the high-volume organic com
pounds in gomesuc production.

Viny chibide production conisbes lo
grew, dlong with the use of plastics in
industrial and consumer products. -

Asbestos production, or the other hand,

-has not increased appreciably. In fact, i

has declined, with img-rts from Canada
taking its place.

PGB production has eclned since
1970 as a resull of se! mposed restric-
lions by *he majer manufacturer. By law,
the manufacture of PCBS was prohibited
after July 1979, except when spesifically
exempled,by EPA.

Q

Paper

b 4

A Thermal insulal-io]}—

¢

Hlow of industrial chemicals inito the
Javironment varies with the chemical
Ashesios and benzene are present in vary-
ing concenirations throughout the environ:
meni including natural sources of
ashestos. . '
~ Mos! asbesto: *5-‘9\;‘@‘ are released
directly into the air come from tmining.and

_iing. These stages dre no longer a
major factor in asbestds conlamination in

the United States becalise nearly 90%.s -

imparted fror Canagla. \Once an asbestos
product has been manufactured, release

of fibers into the environment is highes{ in
the use of brake linings and other friction
products-and in the celerioration of ther:

v

mal insulation and conslruetion materials.
" Demoion o buikings is an mportant
source of "sbestps contaminafica. Asbes:
{os is 2+ + eached into drinki. g wa'er
from concrele.waer pipes. o
Health hazards are.present from mnn:ng
- todisposal, IngUstial orkers and mingis
are usuglly the most affected. As materials
made with asbestos deteriorate, the
general public can be exposed.
Vinyl chloride gas is released directly o
the wor kmace anhough small amounts |
are released as consimer procy -5 Jet el
orae and are 'sposed o, Acrylniti’ -
and phthalates are synthetic compoundq
 primariy eleased al the- workplace.

The major-source of PCBS is thiough

improper wasle disposal, especially info
hodies of water, PCBs tontaminate wild-

"1, fish in paricular, The threat fo human

healh is through the food chain—in fih,
poultry, and meat, POBs are widely dis’

- {ributed in the environment very much fke
DDT, which PCBs resemble structurally,

and, Tike DDT, they arehighly perslstem.




612

B . - . ‘
PCB residues in lish and birds, o \ . _ PCB residues in human tissue,
19691976 ' . : v 1972-1976 _

- < : P
Fish. . - Sizrings Waterlow! by fijway)
. , o Percent popule ion
Paits par milkion Parts pet r:\'“!hon | Parts per milion _ w(i‘lrh PF%BQ%[;TGGC;ZE
iP5 05 . SRR T | Yoo o

‘ : o e - aniic
4} "\/\/\ £0 o 1.0t | '
' ‘ . Miesis "pi

- l—---—Aij , . - 5 - T ._."__.._ 2 _.~...“_.‘5," /-— N
) ~ N L TN
N CCelntr‘alu '0 N

w0

G — J — —i", - B \
1959 1976 1969 1976 1063 1976 1972, 1916
}
PCBs are the most frequently found syn: PCR conlamination in fish appeers fobe - PCBlevelsin waterfowl have dectined «  Inhumars, the percentage of the popuia-
nolieably aong the Atlntic and Missis:  ton with detected PCB residues in fatty

 thelic miaterial in'fresh water food chains. declini'ng, but somie lozalities have very *

Jusi a5 they persist in soil air, and waler,  highlevels. Siopi llyways, both piimary focations of Yissue increased from: 1972 o 1976, Con- -

éd sig  chemical plants and disposat grounds. tainination i most prevelent in the North

they remain in the tissue of animals that PCB residues in starfings increas
ingeft them and becorme goncemrated as  nficalyiom 1974101976, - Central and Adlantic States, but at present
they move up the food chain, - N o - levels PCBS do not appear to present an
At high concenirations, PCBS aré | ! | , imrmiient hazard, -

acutely toxic and can ca-ise death towid- - o o | . Ini974, residents aiong Lakz Michigan
e, Chrric efiects of ower concenta: * , ‘ - ‘ "~ ywgie acvised nol t eat mote than one
s include egggrel thinning and lower ’ A . { © meal ogr week of fish caught in Lake

B Michigen.in order 10 keep their PGB biood

reproci.cive capacly in birds and fish. ' ) S :
T | o o levels below Federal standards. Residents
S " glong the Hudson River from Troy to New

' Yark City were wared of PCI” sontamina:

A fon i fish n 1976, and a fhing ban §

| effect for 60% of the commercial species.
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Cancar deaths associated with viny!

chloride and polyvinyl chlonde
1942-1373

Erpected

cancer deaths

(At cancer;

W

, Vinyl chighde workers

(Respi:alcjy cancer)

|

Polyvinyl chloride communities
(Central nervous system cancer) )

' g

a—

¢ 109

Standarcized mortality ratio*

A

20

0

30 40 500 600

)
v

“The 12,40 of the number of observed o -xpecled cancer dealhs limes 100,

Workz:rs tend 1o suffer thi. - nost serious
eflects ¢* exposure Lo toxic forfns of fese
- indsiria“zhemicals. Cancer muriaity for
vinyl chloride workers is 50% h.xner than
for the gene:dl papilation. Their rates for
hitary and liver cancers, relatively rare
diseases, are starlingly high. Residents of
-~ communities with polyvinyl chioride (°VC)

plants also have'higher cancer rates than -

the gfaneral population, "
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Cancer deaths associated
with asbestos, 1959-1377 . .

Expeciad
rancer dealls

U'$ and Canadizn asheslos insulation wWOrkers

. (Al cancer)

-

Prolonged.expost fe to high concentrations |
! of asbestos dust increases the chences of
, asbestosis (an often fatal disease affecting
U'S. asbestos production and textile workers ~ the lungs), mesothelioma (a rare cancer of -
T ¢ the chest and stomach fining), and cancar
of the gastrointestinal tract and lung.
" Asbestos insulation workers have mor-
tafity rates from cancer three times that of
— S the general population. Their lung cancer
! ‘ - , . rale is more than four and a half times -
| (Lung cencer) higher. Asbestos production and textile
SIS workeis also have a higher morteity from
caﬁcers_. .
Risk of asbestos contamination and
(Gastrointestinal cancer) | ¢ ncer exlends beyond the workers.
— T M=sothelioma has been found among
| famiies of asbestos workers and among

| (Al cancer) -

: : people fiving within a quarter-mile of pro- -
I .o ' duction or fabricating plants. "
- A . : - - Excessive exposure {0 benzen? fumes
0 100 200 306 400 - 500 ’ can lead 1o abnormal dlood cell :maiion. -
Standardized me: ity ratio® in bone marrow, lo anemia, and to death,

Recet studies uf benzene workers have
shown that they are severai t¥ies muie
| | , o il ely than the general popuiztion >
“ | ' . ._ contract leukemia.. o

182

*The ralio of ihe number of obseived
lo expecled cancer ceaths limes 100,




Souces and techanicai notes

69 !
Froouction of selected industriai
chemicals, 1950-1578

rd,r")r*,_;

iy Chionce, actyionitiig,
prarG aleh 5y nInenC Organic Chemicals
- T e , - .
nal Tracs Commisson

z-..’as"::rgton, CGGPO, 19791, and previcus
et .

st YORS Miperal f3005 and prob
Dt C‘ bhnpg {‘f‘:':h nr-‘c,

p 1203 18E0-1878 Asbesios.

5 ivasnington USGPC.

2 el commodsy profiles, po 1y

1 T3E0-1971 Polycniorinated

5 ard the enyunnment, interdepart-

mantat Task Force on PCBS (Washington:

SGPO. 1972y pe o 7 1977-1978:

"Munsanto Industnal Chemicals Company,

yrpuchshed data,. -

2% duread ot M

One gallon of benzene equals 7.31 pounds,
Data for asbestos are for primary demand,

1078 asbeslos gata are estimated.
PCB data include only that produced for
domestic sale
Data lor benzene, phihalates, acn.omtn!e
<and vyl chlonde include only thal produced
by the onginal manufacturers: they exclude
intermeqiate produgts

6-10
Flow of asbestos
in the ¢ wironment

Based on Asbestos: An informatiun
resaurce, U 5. Department ¢f Heallh, Educa-
tigr., and Welfare National I “tutes of
Health (Wasning:on, D.C., 1972, p 93..

611
PCB 1esidues in fish and birds,
1969-1976

Sea b7

Data are for fucal years

6-12
PCB residues in human tissue,
1972-1976

1972: "Orga'r’*ﬁorme pesteide resifues
i human ac '\o e nssue. FoW. Kuiz A R
Yoos, and § C. Stragsman, Bull Il. Soc. Prar
macol Enyirca Pathol 419 (1376},

©173-197% Environmental Fiotection
agency. Clhice of Toxic Supstances, National
fuman Monsonng Jro ram, UnoLDlishec
dala

Data are for tiscal vears
See €4 lor informelion on the Nahong!
Human Mortoring Program

6-13

Cancer deaths associated
with vinyl chloride and polyvinyl
chloride, 1942-1573

"Neoplastic risk among workers exposed
to vinyl chicride,” Richard J. Waxweiler et al.
“Oncogenic and mutagenic rsks in communi
ties with polyvinyl cftioride producticn
‘acilties,” Peter R. Infante.-Ann: 5 of the
New York Academy of Sciences: Occupa-
tional carcinogenesis 271: 41,43, 43, 52, 55
(1976v

Data are for 1,294 warkers with at least 5
years' @xperience in a vinyl chioride or poly-
wingt Liloride plant anid for whom at least 10
years had clapsed since thair initial empioy-
menl, The study was conaucted in 1972. Ot
136 deaths, 35 were attributed to cancers.

The peiyviny! ¢t ride communities studied
were Ashtabula, Paine -ville, Avor: Lake, and
Morth Ridgeville, all northerr Ohio communt
ties with a total of more than 66,000 residents
in 1972, Observed and expecied cancer
deaths and standardized mortality ratios were
developed for residents 45 years and oider
for the years 1958-1973, a pericd when 38
necple died from a cancer of the cemral
nerveus system.

183

614
Cancer deaths associatad
with asbestos, 1359-1977

lnsulation we - ers: “Ashesios-associaled
disease in U.S. shipyards.” irving J. Selkol
Environmental Science Leboratory, Mt Sinai

choot of Yecicine, romerandum o the

National Institute of Environmental Heaith -
Scences, November 27, 1977, 1adle 1,

Proguclion and textile workers "Case
study 1. Asbestos—The TLV apzroach
Witiam J. Nichoison, Annals of ihe New vk
Azad my of Sciences Occupativnz’ a0
geness 271:156 (1976). ’

From 1857 1071877, 17,800 asbestos insu-
‘ation workers were studied Of 2,270 deaths,
984 were attnbuted 1o cancers.”

From 1953 to 1977, 689 asbestos procuc-.
tion and textile workeis were studied. Of 199
deaths, 72 were attruted 1o cancers.

Gastrointestinal car.cers include cancer ¢f
the stomach, co. 'on, rectum, and esnphagys: ¢

Lung cancers include ancer of the pleura,
trgchea, and bronchus.

pal-of
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Primary demand for selected metais,
1653-1672

- -
T ratule :f)
E f‘,’";‘.f;'{ﬁﬂ?i"‘f.f .
Gt L L
o Trace ' tes of mary \ .

A difs !"‘:‘L"E:f‘_’,’.i" futtents for human: . ] KAiion ©ounds

LA, 40 Ol annas, AL TigheT Can - :
| f
:'_-.';ujrdm\,.'mmj n o8 s, some A
sy e e W i CPEMLCEl 1BRT o r
KA C'ger‘,:ér*‘::; "UERLNG L L
GO0 & TS S8 ATTUNG T ;
‘
TS R dlE vanous r

e Lead

oca 1 igls v 3 ~_ Crromie

A0 Lol e ‘ p ‘,.'. o) : ‘ y VA
prata 1o e dis Q(J )d JaS[e Ty 'n“'\d ' 1000 : ,{/\[\/
etals are oen discharged directly in i ‘

teers and shieams or are dumped i lang:

k15 from which ey leach inlo ground and S ] ' : .
surlace ;.aiers Many touc metahic ¢om: . ] v

reands a1 persistert, and they accumulale

P . \
0 witite and human 1ssues. . — _/\“ /
. \ / |

p ‘_ 100t

[ Cadmium .

[
[
gt cury

. /’\A

| : 1950 1960 1970

‘ / - S



&16
Flow of marcury in the envivunment

The prmary demard for metalé—-the '
amount of new matarals entering use—
has risen steadly for more than 20 years.
{Yearloyeer changes have generally been
caused Ly shortderm economic fluctua:
ticns) But primary demand is ¢y the
beginni.~ ang the total amount in the
ambient environment may be miany tir 3
greate” For example, an average ¢i 4
mikion ounds ¢! mercuty 15 brougit into
commercial use each year, Since 1954,
then, 100 milion pounds ¢f mercury have
been mined, used, and reused of disposed
of. This tigure dogs not include the large
amount released from processes olher,
than those involved in pr roduction of the
metal, for example, from coal 'dombustlon‘
Throughot the environment, metals are
present.n varying concenlrations, and

L
hm[ KC v3ry as well

13

wll Toxt Provided by ERIC

' Ml .
il <t mg/ny S
" ' ST
wban 10 mg/m’ N
rdustrial 1 pg/m
!
C(‘ -~ val e ey
) l f)ud‘ “hon
. amil 1bS
Moing e
¢« and -
smitting Lard
—  stuments P
Dental, +
aharmaceutica :
__b' Decticid ater
‘ esticides .
- ] AVerage <0 ppb ¥
@spots > 30 ppb
: 0.4 mi
Ios.

[]

Mercury, the onfe common iquid metal, s

g'nased directly into the air dufing mining
dnd sineler., iom weatherg of pal

and from losses guring industrial proc95"
ing. It leaches into waler Irom oid battoric.
and cther discarded products and into sois
citecty from incusirial uses, pestiides,
and wasle dispo: " Proportionally, sails
receive the most mercury, gnd grosion
sariesta significant amount 10 waterways.

'

W
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my/m?'= milligrams per cubic meler
ug/m® = mice. xms per cudic meler

In water, bacterial action can change
mercurv into methylmarcury, whicr: is
easi / naested hy fish of all types and 5

.accurulated in shair fatty tissue. Since the

‘ate 19305, neariy 300 Japarese have died
and mar y myre have heer sefiousy
affsted by Minamala digease, caused by

eating fish pofiuted with methyimercury, In-

the United States, parts o. two rivers, the
North Fork of the, Holston and the Shenan-
doah in Virginia, remain closed to fishing
because of mercury, conltzination.

v

{ . s

0pbr= parts pot bilion

Mercury evaporates ad i Ieac*ws into
water from natural org bodes at 7.2 that
are sometimes higher than these from
huran activity. Industrial discharges, how

LBver, are generally more concenifated and

are réleased in pon aled areas.
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ancer deaths associated with meatals,

940-1973

~b

Evnected

[S1=28

cancer deaihs

Cadmium smelter workers
. (Respiratory cancer)

: Lead smelter workers 7
i (Digestive organ cahcer)

Lead smelter.workers
(Respiratory cancer) @

Lead battery plant workers
\ | (Respiratory cancern

Arsenic v/orkers
(Respiratory cancer)

»

-

9 100 200
Standardized mortalily ratio”

-Tr.: ratic of the number
of ohsnved 1o cxpected
cancar geaths times 100~ '

O
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Some forms of cancer are linked directly
to metals contamination. Most at risk are -
the people who work in particular indus-
tries or live near plants where producnon

_ safeguards are inacea:ate.

Arsenic workers ha: < =es/dratory cancer
mortality almost thrée times the expected
rate. That for cadmium smelter workers is
* more than twice the expected rate, and
lead smelter workers' is a third higher
tharr expected. (The excess cancer rate in
fead smelter workers may be attributable *
to the arsenic in the ore rather than to the
lead.) Lead has beef linked to cancers of
the respiratory and digestive organs,

.arsenic to cancer of the gkin, mouth, and
nose.

Other serigus and chronlc health’ effects

can result from metal pmsomng and con- .

tamination. Lead and mercury are h[storl
cally associated with menta! disability, lead
and argenic with digestive difficulties, cad-
mium with ‘kidney disease, and lead with

anemi.8 8

7 i

14
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6-15 . .
Primary densand for selected metals
1954-1978 )

Lead. 1954-1876" tead. U S. Bureau of
Mines (Washington, D.C., 1977}, mineral com
moaity profiles, p. 21. 1977-1978: U.3.
Bureau of Mines, unpublished data.

Chromiumi, 1954-1976; Chromium, U.S.
Bureau of Mings (Washington, D:C.. 1977),
mineral commaodity profiles, p. 1d. 1977: U.S.
Bureau of Mines, unpublished data. .

Nickel, 1954-1978: Nicke! U.S. Bureau ot
Mines (Washington, D.C,, 1979), mineral com-
modity protiles, p. 18.

" Arseniz, 1954-1973: Mineral facts and
Lroblems, 1975, U.S. Bureau of Mines (Wash-
ington: USGPO, 1976). p. 105.

Cadmium, 1954-1957: Mineral facts and
problems. 1875, U'S. Bureau of Mines (Wash-
ington, USGPO, 1876). p. 203. 1958-1978"
Cadmium, U.S. Bureau of f4ines {(Washington,
D .C.. 1979). mineral commoadity profiles, pp.
11,203.

-Mercury, 1954-1973: Mineral facts and

617

>ancer deaths associated with metals,
1340-1973

“Cancer mor.ality among cadmium produc-
tion workers, " Richard A. Lemen, et al.
“*Cancei mortality patterns in_thé lead indus-
try,” .W. Clark Cooper. “Case 'study 4. Iror-
ganic arsenic—Ambient leveél approach to.the
control oi occupational carcinogenic .
exposures,”” Hector P, Blejer and Williem
Wagner. Arinals. of the New York Academy of .
Scignices: Uccupedonal carcinogenesis 271:;
276,-254, 182 {1976). ’ .

Between 1940 and 1974, 292 white males
vith 2 or more years’ employment in cad:

- mium smeking were studied. Of 92 deaths, 27

probiems, 1975, U.S. Bureau of Mines (Wash-

ington: 'USGPO, 1976). p. 681. 1974-1978:
Mineral commodity summaries 1979, U.S.
Bureau of Mines (Washington: USGPO, 1879),
p. 96.

Chromium, nickél, and mercury data for
she last year are estimates.

6-16
Fiow of mercury in the environment
Based on Materials balance and technol-

ogy assessment of mercury and its com:
pounds on national and regional bases, EPA

- (Springfield, Va.: National Technica! Informa- |

tion Service, 1975), £EPA 560/3-75-007, pp. c,
f. g. -
Data do not include accidental releases or

such unmeasured quantities as are released
trom coal-fired plants.

were atfributed to cancers.

Between 1947 and 1971, 2,352 lec 1
smeiter workers were studied. Of 3¢.. deaths,
89 were atiributed to cancers.

Al the same time, 4,880 lead batiery plant
workers were studied. Of 1,014 deaths, 186
were altributed 1o cancers.

Arsenic workers involved in"pesticide pro-
duction Yetween 1940 and 1972 were .
sampled. Of 173 deaths, 28 were attributed ‘
10 cancers, 16 of them among workers 'whose
exposure was less lhar;v1 year. :

. &/

. - 109



Radiation

b b B
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‘ N,
People nave atways been exposed 10 el -

ation from natura! sources.But in the past
80 years. exposures have come from
X-rays, other nuclear medicine proce-
gures, nuclear power planis and ruclear
materials [YOCESSINg, nuciear homp faiioy!,
and a groving variety of iowevel sources
tha! range from electric communication:
equipment and eiectonic Cevices 10
microwave Gvens and smoke detectors.

lonizing raciation, by definition, has suffi

cient energy 10 change the moiecular
structure of @ biological system. lorizing
. ragiation may be either electromagnetic
radaton (fays and gamma rays) of
parllcuggte-radiatnon, which may be either
electrically charged (2lpha and beta parti
cles) o may have no charge (neutrons).
Exposure to a sufficiently high dose of
radiation, either as high-requency €lifo
magnetic waves of as high-velocty parte

cles, can resultin cell damage. It ranges

from serious bums and rapid death for
highJevel expusure to genetic mutation
ard cancer fos exposure 10 lower levels.
Radiationeceived by humans is meas-
ured in terms of the amount and kind that
the body absorbs over time, Cne uni of
absorbed radiation is  rem (roenigen
equivalent man). A millrem {mrem), one-
one thousandth of a rem, is the most
commonly used measure for lﬂleIdU8| and
- population exposure, On the average
people in the Ufited States receive 180
mrems per year. Because the damagmg
" effects can buld up over ume senqus
heallh problems may occur even though &
_ single e4posure would it be hamful

¥

R

616
Rwinahon exposure by sourcs, 19?0//

Most exposur'e" 10 radiaiion is frem ratural
sources. The source of cosmic radiation is
the sun and outel space; for terrestrial
raciation, i is Sofs and rocks. Qoses vary
by atitude, lafiuge. -2d the amount of
netural radioastive material present in the
sarfh. Cosmic radaton, for exampi, i

. more than threg times areater at alttudes

of 10,000 feet tan at sea evel

 The largest source of manmade radia-
fion oc e from megcal and dental Xrays
and'raoioactive’ drugs. Exposure varies
videly with the dmount and type of proce-
dures used. X-ay use increased by 2% 1o
2% per-year during the 19505 and 1960s.

"~ Improved shielding technigues now in use.

aré believed to have reduced medical .

"exposure for the population as 2 whol.

.~ Radiation from manmage soutces other
then medicakdental s very small com-
pared 0 that from natural and medical
solrces. But growing amoun's are being
released al some SourCes—-sources that

-‘ - a8 very lmponant 30 specmc groups of
vtﬁ:, poglation

“ Exposure of the general popuation from
4 occupational sources s about 08

, mre'ns DR person per year, nuclear fall

oui, 40 mrems; nuclear power, 0003
mrems; and af other (color TV receivers,:
air lrave, consumer products, et 20
meems. - :

-
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Maturai (102

Terrestrial

Cosmic .

Manmade (80) -
Medical ] R :
Globa! nuclear failout - - i}
- Industrial/ oecupational -
{ Nuclear power .
Miscellaneous )
o 20 40 60 80 100 120 140 160 . 180 21
mrem per person per year : ' - ;
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Radiation levels from nuclear fallout,
as measured by stronlium-90 and
cesium-137 in pasteurized mitk,
1960-1978-

620 '

Radiation levels from nuclear power
generation, as measurad by kryplon€s
in air, 1962-1976 - -

PicocLries per iler

|
‘pé / xCeaum%BT
iy : / ‘i
20} \q/
; “~//UCW m-90

1950 1955

Two radionuclides depastted as fafiout,

cesium-137 and strontium-90, have been “

measured in pasteurzed mik. They were
released info the atmoohere from nuclear
weapons testing, distributed worldwide,
and ther; ceposted. Levels have declined
significantly from the early 1960s, when

atmospheric festing of nuclear wnapons

' r/ axed
The current level of expobure from

uclear fallout is the result of high-yield
aimospheric tests conqucted by the .
United States and the USSR before 1964
and of the small amourt added by more
recent Chinese and French tests. .

1970 1975 1980

[} Radionuclides are measured in pico-
curies per lter (pCill). A curie is a specil
unit of ruclear activity. One curie equass
37 x 101 puclear fransformations per

second. Pico indicates multiplication by -
one-ritionth (10 12),

Ficociries par cubic meter

-
wn

Krypton-85

1360 1965

Exposure of the gereral population from
nuclear power generation is very small
but it is growing, Kryptonas 5.2 longiivad
fadionuclide produced &s a Dyproduct of
the nuclear power industry. This form of
radiation exposure:has increased along
with the use of nuclear power to generale
more electricity. The fate of increase

depends on the growih of the industry and-

on the technical and safety precautions
faken, '

1970 1975 1980

Associated with nuclear power genera-
tinn are uranium mining, uranium milling
and fabrication, generating plant cperation,
and fuel processing and disposel.-Mining
and miling are not major contribulors fo
total environmantal radiation, but the
amounts released locally, particulaly
radon222 and its shart lived decay

: products, afe 3 Serious health hazard to

uranium miners. Of great concern s the
problem of nuclear waste aisposal.

\

s
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Radiztion sxposure of specizi

population graugs, 13778 ‘ e
‘. t /
Oncunehons ‘ ‘ '
O mrgrs 10 I rrE pE! DRISTD I8N yEAD . :
»
Al
W
- S }
gt nucisar proputuen persennel 1180-330, . ' /. ' ,/
-t ’ "//
..m.. - //‘
POk oty nersonnel 1130-330; 4
Jet plen
Megice For, taonp,oans (00350
‘ - - i
{3 —
i ;
Residentfal '
Residents adiacent 1o voiling water reactcss {76}
a ; : || : J
Residents ad,acent to pressunzed water reactors (4) B . :
1 . !
- v

Rasidents near piles of old uranium mil 1ail‘.ng's {140-14.000)

‘ ‘ R I
Resdenls wilhin 50 mies of Three Mile lsland during 1979 accident (0 8-2.65) A
T A '

e

iU VD DACsTT AKErS 15.LJ0)

t . [

X-ray recpients 1103)

0 1 e 1000 o0 100000
'
|
. \
\

Specal groups in e population are
exposed to higherthan-average fevels of
raciation. For most of these individuals,
the. ;n=fits of the product or service

hew cemabkers) or the job (et pict and
o uclear research and maintenance
~aiscnel) outweigh the risks involved; and
‘o the most part, radiation levels are not
dangerous. According (o the-Federal
standard, exposure for incividuals who
work wih radioaclive materils s alowed
o reach 5,000 ey per year.

v 13
. 1Qp. -



§:22
Relalive risk of cancer from raciation,
1046-1974  ° °

| Patanis receiving thymus x-ay
| (Thyro cancer)

i
i

’-\nky osing sp:)ndyll s pahen
(Leu%e'ma)

l - . e . . —]
L 5 ' ‘ : ““\:v ‘ J

]

. Atomic bomb Survivers ’ !

f(Leukemia)

| ‘
. 1 2 3 4 0 11 12 13 120 125 130 136
LY

Relative rsk’

Aelatve 15k 15 a ratio of nsk similar 10 the
standardizad mortally ratio of death. The
welalve nsk ol cancer 1§ 1ne number

of observed cases dvided by the number of
woowd cases. 1aking Into account sex
art age e mce

et Provided by ERC

[Kc o
197,
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- Sources and fechnical notes

For sorre groups, excessive exposure has.
crealed serious héalth prodlems, mos|
notably, caricer. . i

Uranium miners working in an atmos-
phere wih high levels of radon radiation
had respiratory cancers aimost five times
the expected rat. Tné CunCGfS were
usuall fatel, .

A work group of thepasl, facum da,
painters, conlrac'eu bone cancér 100
times mare often than the general
population.

Thyrod cancer, which is wol usually
fatat. was present at much higher levels
Ahanexpected in individuals who had
received radiation trealment for enlarged
Ihymus glands. . '

Patients receiving high dog\es of radia-
lion for ankylosmq spondlylitis, an -
extremely painful disease of the back
contracted a leukemia; which s nearly
almos! always fatal, af rates 12 times
higher than expecled. - '

Survivars of Hiroshima and Nagasak,
having recelved high levels of radiation in
a sifgle dose, were found to contact
leUkemia and, other cancers al rales 3.7
times higher than they normally wou!d
have.

If radiation exposure'o the U.S. popu-

Jation were 1o double,the most fikely estr
male of additional cancer deaths is 6,000
awnually an increass of approxnmalely
2%.

~ The amount of radiation that can cause.

" gerelic defeclsis probably much lower

than-ihe amount that causes serious
health effects. For this reason, most
standards set by the Federal government
for radiation exposure are for protection
against yenetic damage.

19;

PNy

r . - - . 6'18 i
' Radiation exposure, -
by source, 1970

Effects on populations of exposure to Tow |«

levels of ionizing radiation, National icademy
" ol Sciences, Advisory Commilge on the Bio-
.logical Effects of lonizing Radiation (Washing-

: ton; USGPO, 1972}, pp. 12, 19.

. Exposure relers fo the average annual
/ whole-body dose rate expressed in rems of
« millirems, Therem is a unit of radiation dose
equivalent. Individug| dosek are given in rems
.. Of millitems; population doses are in rems
' | , (|e Dersen-rems).

Two recent siudies raise problems with the -

1972 estimate. See: Report of the work group
on radiation exposure reduction, U8, Depart:
ment of Health, Education, and Welfare,
Interagency Task Force on lonizing Radiation
 {Washington, D.C, 179). "The effects on
popdlahons of exposure lo low leveis of
“ionizing radiation,” National Academy of
Sciences, Cemiltee on the Biological Effects
of lonizing Radiation, draft, June 1979,

The 1972 figure of 73 mrems per person -

per year for medical exposure is based in

part on the 55 mrems per pe;soh per- year
 received by the general poputation ir 1964

from diagnostic, X-+ays. Using a different

méthod of computation, the 1979 Commitlee

reported 17 mrems per persan per year for
1964 and 20 mrems for 1970,

The 1979 inleragency report estimales the

general papulation expasure from nuclear
, ‘ ‘ power in 1978 al 55,000 person-rems per
~—— . * year, approximalely 0.26 mrem per person,
~< which s far larger than the 0.003 mrem per
. person per year reported for 1972 The
\ increase is a function of & change In
\ measurement techniques rather than of a

.,

hange in radiation exposure.

) , B9,
; Radlation levels from nuclear fallout
as measured by strontlum 90
. and cesium-137 in pasteurlzecj mﬂk
X ,, 1960-1978

Environmental Protection Agency, Eastern
Environmental Radiation Facility,
Montgomery Ala., unpublished data.

6:20

Radiation levels from nuc|ear power
generatlon, as measured by krypton-85
in air, 19621976 _ o7

1962~1969: Based or. Radiological quality
of the environment in the United Stales,
1977, EPA (Washington: USGPOQ, 1977), fig.
29,p.44. ‘
1970-1976: See 6-19.

621 |
Radiation exposure of speclal
population groups, 1970s

Ore miners, coalfired electric generaling
station personnel, nuclear reprocessing and
spent-fuet slorage personnel, residents
ad;acenl ta boiling water reaclors, residents
adjacent to pressurized waler reaclors, resk
dents near pies of old uraniut mili tailings,
X-fay recipients, atd individuals with pace-

+ makers; Radlological quality of the environ-
ment in the United States, 1977, EPA (Wash-

ington: USGPO, 1977), pp. 5, 6§, 7.

Civilian nuclear power reactor personnel,
jet plang crews, naval nyclear propulsion -
workers, DOE résearch and development
laboratory personnel, medical X;ray lechni: -

i cians, denlal Xray technicians, and other -
medical perspnne! hancling radionuclides;
""The effecls on populations of exposure lo

* low levels of ionizing radiation,” National -

Academy-of Sciences, Commillee on the’
Biological Effects of lonizing Radiation, draft,
June 1979,

Residents within 50 miles of Three Mile -
Isfand during 1979 accident; Population dose
and health impact of the accident at Three

“Mile Istand Nuclear Power Station, U.S:
Department of Health, Education, and
Wellare, Ad Hoc Population Dose . .
Assessment Group (Washington; USGPO,
1979,pp. 1,2~
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All exposures are axpressed W mrern per
person per yvear averagye whole-body dose
unless ottrerwise specitied. The doses for ore
miners, coal-tired electnc generating station

personnel, nuclear reprocessing and spent. . .—

-

fuel storage personnel, and individuals with
cardiac pacemakers are internal doses. The
doses. for reSidents adjacent to boiling and
pressurized water reactors are external
doses. The dose tor residents near piles of
old uranium mill tailings is a trachea-bronchial
internal.dose The dose for X-ray recipients is
the estimated mean active external bone
marrow dose 1o adulls in mrads per year.
Occupational exposure of special groups is
estimated as follows: Civilian nuclear power -
industry, 30,000,persons; operation and main-
tehance ol.naval nuclear propulsion plants,
35.000; DOE research and development,
100.000: residents within 50 miles of Three
Miie Island exposed between March 28 and

_ Apnil 7, 1979, 2 million; medical personnel
" handiing radionuclides. 100,000: operators of

medical X-ray equipment, 200,000; operators
ol dental X-ray equipment, 200,000.

116

6-22 ' /
Re!ative risk of cancer from radiatioq

1946-1974 /
Uranium miners: “"Respiralory dis¢ase mor-

- fality among uranium miners,"* Victor E.
“-Archer, et al., Annals of the New York

Academy of Sciences.: Occupational

carcinogenesis 271: 282,284 (1976). ,
Radium dial painters:‘patients receiving

thymus X-rays, ankylosing spondylilis

patients, and atomic bomb survivors: Effects o

on populaticns of exposure o low levels of
fonizing radiation, National Academy of
Sciences, Advisory Gommittee on the Biologi-
cal Effects of lonizing Radiation (Washington:
USGPO, 1972). pp. 129, 124. 117.

Data for uranium miners use a standard-
ized mortalily ratid divided by 100.

Between 1968 and 1974, 780 American *
Indian underground uranium miners were
studied. Of 107 deaths, 17 were attributed to
malignant neoplasms, of which 11 were from
respiratory cancers. Between 1950 and-1974,
3,366 white male underground uranium®
miners were studied. Of 745 deaths, 206
were attributed to cancers, 144 of which
were from respiratory cancers. Expecled
death rates for Indians were calculated from
|he male nonwhite population of Arizona and
New Mexico; expected death rates for white
miners were calculated from the male white
population of the United States.

Between 1946 and 1971, 775 dial painters
who had been exposed to doses ol between 1
and 50,000 rads of radium-226 between 1915
and 1935 were studied: 48 developed a bone

cancer. .

In J9€3, 2,87{p§lienls who had been
exposed in childhgod to thymus'X-rays
between 1926 and 1957 were studied; thyroid
cancers were surgically removed from 19.

in 1955, 11,287 ankylosing spondylitis
patients exposed to radiation treatment
between 1935 and 1954 at the age of 10 or

older were studied in England and Wales; 32 °
. developed a leukemia. - ’

Of the survivors of the atomic bombs

" detonated at Hiroshima and Nagasaki in

1945, 19,472 were studied between 1951 and
1970: 62 who had been exposed at the age of
10 or older developed leukemia.

201 -
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Cropland, Forests,

and Rangeland

Cropland, fores's, and rangeland are
working lands. For the rhost part, they are
- managed for the production of renewable
resources:-feed and food crops, timber,
herbage and browse. But other uses are
' becoming as in\lportant to forests in par-
ticular—the support of wildlife, mainte-
nance of watersheds, and-provisions of
recreation and aesthetic experiences.
How the lands are managed largely
determinés their quahty——-tha is, the types
of crops/grown the speciesfof trees har-
vested and replanted, and the kinds,
amounts, and methods of applying pesti-
cides and fertilizers all affect the condition
of the land. Attempts to increase agricul-
tural production by using-marginal lands
and large amounts of chemicals can lead
to water pollution, wildlife poisoning, land

. eresion, and overall land deterioration.

Some lands are under intense pressure
tor change in use. Prime farmland is being
lost to rapidly expanding urbari areas, anc
prime forest land is being cut, drained,
anq plowed for new cropland.

202
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7-1

Cropiand | '.Cropland- ‘ |

The Unied Staes has riore areble and ' . o,

{han any other industrial nation and it -

produces enough food for some 290 . | '

ilion people. f E ; g _
Agricultural fand is the most inten o . .
siely managed of all nonurban lands.
Use of large amouts of chernicl IR
nulrients and pesticides cause pollution ' '

-+ In surface and grourid waters. Poor 2

g and harvesing practices have , . -
increased the rate of soi erosion. - Pl
Excessive fellance on ground waler for I
‘rigation has depleted waler supplies * ; Sl
that fake eons o replace. - foo o
" Further, wellands and other wildile o
habitats are los! when they are con- - Lo [

 verled for use as cropland. At the same . L I.f' ek
time much prime farmiand s aken oul < m o !
of production n favor of urban develop - BRTRIR T
ment and small-scalg waler projects. - Ly b

i

[
Y
L

- In 1974 cropiand was estimaled at 465 ‘ -
t million acres. This tolal-includes 361 -+ _
mifjon acres i ciop rolation, 83 milion
acres in paslure, and 21 millon ide. N
+ The most intensively farmed States are : L ' .
linois and lowa, where more than 70% of ' - '
the land is in'crops. Texas has the most
clopland, 38 milion acres, lhen Kansas
~ " with 32 millon acres, Norih Dakota wih .
J .7 30milion, and lowa with 28 milion.

P

v,
4
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Uses of cropland, 19431978 - Prime farmiand, 1975 : ' .

Million acres

' z . ,_
500 : . cA , - L
Total cropland ' - L o
/ Frime larmland not cropped
. [
L ‘
(134 milllon acres)
400 |
Prime !
farmiand
(384
million
300 acres)
" .
Q
0
Q
5 :
7 | ropland
200 ; (400. million
3 . acres)
o . \
C ' ]
" X
100 1 o |
| | ' Cropland'olhei than prime fammland of -
{150 million gcres) -
. K» O RGN ; : ) , . . |/
1945 1950 1955 1960 1965, 1970 1975 1960
The.tbtal_crop?énd acréage, including : ) . Prime fafmland is now being lost atan Ol the 3&1 milion acres of prime farm-
pasture, has changed itle in 30 years, but C ’ alarming rate. This is the land that is best ~ land in the United States, 250 milion are
harvested cropland grew 14% between - | -+ sulted or producing food; feed, forage, currently cropped: About 24 million acres
1972 and 1975, This increase was due o lodder, and oilseed. !t produces the highest  --could easily be converted to crops, and
largely o the increased export demand for , A ' yields with minimum inputs of energy and  another 24 million acres would require
farm products, partcularly wheat and A _ money and wih minimal damage fothe  someeffort. To develop the remaining 86--
soybeans. . o . enviongent. millon acres would require drainage,
' | o N ~access foads, forest cutting, or other
. - exensive and costy.efforts.

)'-N'i‘. . . . [
’ . . Y
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7-4 ' SN : : e ‘_
Prime farmland |cst to urbanization and . -
water projects, by farm production : .

region, 1967-1975 : - .

i

Porceninge iwes .
- More than 3 1% v
5 3175 0r ey
Nt b aneraae 317 )
el eres sl
in the 8 years between 1967 and 1975, an -On a percentage basis, the loss of prime
average of 1 million acres of prime farm- farmland was highest in the Southeast and
land was lost each year. About 6.5 million the Northeast. Of great concern near -
acres were lost to urbanization and 1.5 metropolitan areas is the continuing loss ‘ _ .
million to water projects. The most exten- of prime farmland that supplies fruits, o ’
sive losses were in the Southeast and the . vegetables, and other staples for local -
Caorn Belt. o . markets. i .
" .

S o k07 f L
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Agricultural production, 1960-1978 -

Production des (1967 100)
1o '

AERT)
1204

110

T

80t

80}

Crops

Livestock,

"o _ :
1950 1955

Farm output is at its highest level in

history—about.20% above theibase year
1967. Crop production has grown 30% in
i@ years, with large increases in soybeans
and other oil crops. Livestbck producfton
has rer. ined rélatively level.;The large
ncrease in poultry production has been
offset by the-decline in red meat animal

pgoduction.

ERIC

Aruitoxt provided by Eic:

1960 . 1965 1970 1975 1980

12
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Agricultural Inputs, 19501978 '“
Timie spent on fannwork | Horsepower of farm machines ' «  Fertiizers appled
Bithior, nours ' ‘ Horsepawer in milions | ' Million tons
20 300 25
. 20 .
19 N
- 200
‘ 15
10
- N 100 0
: ’ \ . ,
. 1 - ' ‘ 5 /
- ' v p— — o e : ' y
1950 1960 1970 1980 1950. . 1960 1970 1980 1950 1960 1970 1980
] | |
The growlh in agricutusal productions o - v | Fertiizer use more than,quadrupled‘in
‘based on changes in the mix and produ; ' B 27 years, due mainly o the ipcreased use
tivity of agrieultural inputs. ' ‘ , : ' . of nilrogen compounds.. -

The number of-hours spent on farmwork
.+ has declined sharply in response to the
iri¢coing Use oF farm machinery, in par- J ' | L
ticular highpowered tractors, grain com:

bings, and other mechanized implements.

.
T -

s

>
—
U
L4



Pesticides apphied Water for Irrigation
Billion galions

.per day

)

Million pounds
! Tota! pestic:des/
500 : | -

/

H. ucides

Insecticides 25

Other peslicides, e Fungicides ‘

75 /

1850 1960 1970

: )
1950 1060, 1970 7 1980 -

I

~ Fam pesticides—ihsecticides. lung ~The amourt of water used lo iigate
cides, and herbicides—doubled between , cropland increased by more than 50%
1964 and 1976. Herbicide use on weeds  -from 1960 to 1975, The area of irrigated

increased the most, cropland ingreased from 33 to 41 milion
’ acres, most of it i the western States.

&

a0

=

+Energy spent on lams
by y
s, Trilfon Blus 3 14#
2500, .
20000
1,500+ i
1,000
500
180 501601300 1980
/ S
“Use of energy on the farm increased
73% from 1950 to 1970. Eleczriciw use
. Increased 94%, farm machinery use
167%;and fetizer 292% in his ime
period. - “
v
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ot
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Shaet and il rosion from water
v yn cropland, by State, 1977

'

7-8
Wind erosion on cropland

The most serious problem in maintaining
qood cropland i« loss of topsoi. Erosion is
a natural process w+areby water, wing, or

ather erosive elements :emove soit or rock
from the land. Wind and water erosion not

only reduces productivity but s cepleting
one of the Nation's most imporlant natural
[BSOUICES. ' |

The average annual shest and ril ero-
sion in 1977 was 4.8 tons per acre for al

croplands. The rale was 54 tons on culti ~_

 valé land, excliin hat n sod crops and
~ Other special cover, The areas most serk”
ously affected are in Tennessee, Kentucky,

Missouri, Louisiana, Mississippi, and lowa. - , ,
*+ and Jlowing water remove layers of Sl

“ from fields. Ril erosion occurs as the flow- .
ing waler carves out channgls. '

Py e e mre K
lidong wane 48

"Under normal conditions, topsci is

' replacec at the rate of 1.5 tang per acre

per year, Any loss from cropland thal
exceeds 1104 lons per acre per year,
depending on soil depth, is consicered
serious because-production cannot be
sustained. If eroding conditions persist, the
complete lay™T of lopsoll may be lost. An.
estimated 200 million acres of cropland
have been permanently damaged, and
another 241 milion acres—over cne-half
of all cropland —Is in need of conservation
trealment, - '

[J Sheet erosior occurs when beating fan

1

in the Great Plains States, 1977 |

Lssas in tane 7 7CeE per yea!
T8 60150 [ 1070

4

Accordng to the Sol Consgrvation.

Seivive, ‘wlind erosion is £aused by a
sirsng urbulent wing blowing across an
" protected sof Surface that is smooth,

* bae, ose, dry, and finely granu-

lated. .. . [I] usualy beging on exposed
knolls, in tracks or paths mads by
implements or animals, and in tum fows
where the vegelation and surface soi
‘have been pubverized.” Most of the
.damage from wind erosion occurs in the
(Great Plains Staies, notably Colorado,
New Mexico, and-Texas. The annual
movément-of soil per acre of cropland for
these States averages 89, 115 and 149
1ons, respectively. ‘

t

’

Grea; Plans average 53

" vstimaies of soi loss due to wind
erosion are not avalable for other than the
10 Great Plains States.

L4
*



yurces and technical notes

1
‘optand -
Caronal dligs of tne United States of
U S Geologiczi Survey iWasning-
1

«

3" Lo 160

My ows croplanc area for 1964
>deral agencies ‘estimate crop-

»s for the mid-1970s.

Tre 1974 census of agriculture estimales
Gpiina at-340 milhon acres in 1974,

T+~ Crop Reporting Board, USDA Eco-
ymics. Staustics, and Cooperatives Seivice, -
;tmates cropland including pasture at 465

ihon acres in 1974,

ne Inventory and Monitoring Dwns;on.
SDA Suil Conservation Service, estimates
ynFeseral cropiand at 400 mullion acres,
«cluding Alaska and Hawail, in 1975

.

2
ses of cropland, 1949-1978

Qur land and water resources, USDA Eco-
smic Research Service (Washington: ‘
SGPO. 1974), misc. pub. 1290. p¥'4
‘Major vses of land in the United States:
974. USDA Economics, Statisfics. and Coop-
-atives Serviceé (Washington: USGPO. 1979),
g1 econ. rep. 440, p. 9. ‘

"USDA Economics, Siatistics, and Coopera-
ves Service, unpublished data.

1978 data for :dle cropland and pasture are
relminary.

-3
rime farmland, 1975

A perspective on prime farmiand.” Keith
). Schmude. J Soil & Water Conserv. 32:241
1977)

4 -

'rime farmiand lost to urbanization

nd water projects, by farm production
egion, 1967-1975

See 7-3, pp. 241. 242.

Estimates for USDA Soil Conservation
service regions of prime*farmiand include
on-Federal land only and exclude Alaska and
1awail. '

.
-

s

O

RIC

Aruitoxt provided by Eic:

7.5

. Agricultural production, 1960-1978

1960~ 1963 Agricultural statistics 197,
U.S. Department of Agriculture (Washi- :ten:
USGPO. 1975), table 618. p. 440.

1964-1978:; Agricultural statstics -, 9.
U.S. Department of agricultuie (Washington
USGPO, 1979). table 633. p. 440.

Data for 1878 are prelimir sry.
76
Agricuitural inputs, 1950-1978

Time spent on farmwork: Changes in farm
production and efficiency, 1977, USDA Eco-
nomics, Statistics. and Cooperatives Service
(Washington: USGPO, 1878}, statistical bulle-
tin 612, p. 32.

Horsepower of farm machmes Changes in
farm production and efficiency, 1977, p. 31.

Fertilizers applied: Changes in farm pro- ~
duction and efficiency, 1977, p. 27.

Pesticides applied, 1964: Quantities of
pesticides used by farmers in 1964,"USDA.
Economics, Statistics, and Cooperatives
Service (Washington: USGPO, 1968)," agr.
econ. rep. 131, po. 9, 13, 19, 26. 1966:
Farmers' use of pesticides in 1971.—

Quantities, USDA ‘Economics, Statistics, and K.

Cooperatives Service (Washipgton: USGPO,
1974), agr. econ. rep. 252, pp. 8, 11, 15, 18.
1971 and 1976: Farmers’ use of pesticides in
1976, USDA Economics. Statistics, and
Cooperatives Service (Washington: USGPO,
1978), agr. econ. rep. 418. pp. 6, 9, 15. 20.

Water for irrigation: Estimated use of water
in the United States in 1375, U.S. Geological
survey (Washington: USGPO, 1977), circ.
765, p. 38 and prewous qumquenmat
surveys.

Energy spent on farms: The U.S. food and
tiber sector: Energy use and ovtlook, USDA
Economic Research Service (Washington:
USGPO, 1974), p. 2.

Btus converted from kilocalories (kcal), as
published in “"Energy use in the food - .
system,” J.S. and C.E. Steinhart, Science
184:309(1974). (1 kcal = 3.968 Btus; 1 Btu
= 0.252 kcal)

Time spent on farmwork includes crops,
livestock, and overhead. After 1964, time
used tor horses, mules, and farm gardens

wuas exciuded.
215

Hersepower inciudes tractors only (exclu-
swve of steam and garden).

Fertilizers include nitrogen, phosphate, and
potash nutrients used.

Pesticides include amounts used on crops
only: excludes pesticide use for livestock and

fother purposes.

Water used for irrigation refers to water
consumed. not water withdrawn.

Energy spent on farms includes fuel. glec-
tricity, tertilizer, agricultural steel. farm
machinery, draciors, and irrigation.

7.7 ’ B
Sheet and rill erosion from water
on cropland, by State, 1977

USDA Soil Conservation Service, 1977
Naticnal Erosion Inventory Estimates, unpub-
lished computar printout, December 1978,
table J1.

Estimates include non-Federal cropland
only and exclude Alaska and Hawaii.

7-8

Wind erosion on cropland

in the Great Plains States, 1977
See 7-7, table K1. ’

Estimates include non-Federal cropland
only.

}1
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FO feStS : Forests , | :

Forests range from extensive tracts of
virgin timber in the Pacific Northwest s
and Alaska 10 the white pine and ogk-

- hickory foress of the East that are stil
growing back after setllers and early
industrialists cut them for agriculture,
firewood, and bulding material.

The mast common use of these fands
is for timber, but some are managed
and protected for otheriuses as well—
recreation, widife habitat, watershed
protection, vestock forac, and wil
areas,

v

. s

The United States contained 740 milion _ o , L
acres of orestland 1976, aboutatied o .
of s lotal land area. To be clasSfietas—~. __ ‘
- forest land, at least 10% mustbe orhave e , a
been stocked.by ores ees ol anyste ) L
and must not c.rrendy be developed for N \ \
nonforest use. C o L '

-

a0 o




1-10 :
Ownership of forest land, 1977

" Commercial (488 milion acres)

+

Noncomhefcial (228)

Otrer (24

—

-~ Private (33) Public {137)
Federal (100) Other (37)
(186) o e

(89)

N.ational Forest§

State

N

Total forest fand = 740 mifion acres

Tworthirds of all forest lard is “commer-
clally" productive—that is, it s capable of
growing econgmicall vaiuable ree
species in excess of 20 cubic feet per
acre per ygar.',The'remaining third is non-
- commercial; s reserved for parks, wildie
habita, ecrealion areas, and widerness,
or's deferred and may be under study for
wilderess designation.

N Q
ERIC |
P o v

gt

213

Most commercial forest land s in
privale small hokdings and farms,

The National Forests contain about
18% of all commerical fores,ls.

O Reserved and deferred (24 milion
acres) is commercial forest land that is
exempted from timber uses, Most of this is

" in Federal Natioral Forest land.

0! N
[

Land (6)

valuable tree species and
cannot produce 20 cubic feet
of timber per acre per year

) Bureau of Land Local
: Management (6)
Small holdings Farms Industry cher (5) Indian Tribal Cannot support Commercially Reserved.

and deferred

127 -



7-11
Commercial forest iend, by reglon

and ecosystem, 1977 . ‘ .
| Deuglasir . - Pacific Coast | ' i Ponderosa pine ' ' Rocky Mountain
e (0.8 milion acres) g (57.8 millon acres)

Lodge pole pine o ,

Hemlock-Sitka spruce
i

Larch

Redwood Weaslern white pine

¥

Weslem white pine Other western s.fwoods

Western hardwoods

——

0 10 20 30 40 50 60 . 10 o 30 40 50 60 -
Millon acres - Bsottwod [ Hardwood © Milion acre , " ftwood [ Hardwood

i

Forest land may be classified by type of Hardwoods are usually broadiealed and
vegelation. An . tk-hickory ecosystem, for  deciduous. Most hardwood forests are in

example, contains a stand of trees in the North and Soutn Softwoods are con:
which the iargest percentge is oak or flers, usually evergreens, with needies or
hickory. © scalelike feaves. Softwood forests grow in )

the Pacffic and Mountain regions, but the
South aiso contains large acreages of . -

: o ping. _ , ' | \ o




North

{170.8 million acres)

Aspen-birch

QOak-pine

Oak-qum-cypress

——

0 10 20 30 40 50 6
Milion acres Softwood Hardwood
N~ Forest Service Regions |
h
ﬂd’
&
\
i G(ﬁ ., : ‘ ;Q(;' .
FRIC, N v 193

Souzn
(188.4 milion
acres)

Maple-beech-birch
0 0 2 40 5 60
Miltion acres Softwood E] Hardwood



7-12
Sawtimber growth and harvest, by type,
1552-1976

- A major use of commercial forest fand is
timbar production. .

' Sawtimber growth on commercaal torest
land has been increasing steadily.
Between 1552 and 1976 the total timber
growth increased 64 % although the acre-
age was decregsing. At the time, the
harvest increased frocm 52 billion to 66
billion board feet.

Softwoods are in far greater demand
than hardwoods. As a result, annual
harvest of softwood has consistently
exceeded annual growth.

Roughly 20% more sawtimber is grown
but is lost to wildfires, insects, and

. disease. .

130

ERIC

Aruitoxt provided by Eic:

-
en]
e g e
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By type *

60
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20

10

Hardwood
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Growth
=—=—=— Harvest
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743 °
Sawtimber growth and hanvest, by
region and ownership, ©352-1976

aC-
N
10
———— Rocky Mountain
1950 1960 1970 1980
= Growth _
=== Harves! ,
7

* Aimost 80% of &l the timber is harvested
in the Peciic Coast and the South.

)

225

B'icn board faet et year . '
Ly
) /./
B‘JJ »..'.'%"Sﬂfp ’f"J
/ Farmand
" / other privat
*",w”.
- __4/”“ LT
N .. ) . - L
-”

20 . -~

- PR - .

Sma - Forest industry
- - - .
-

10 - National Fores!

- /

e e =TT

-— Qther putlic

1950 1960 1970 1980
= (irowtn

=== Hares|

Most of the tmber harvest is on small
farmg or wood lafs and other private non-
industrial lands. Ye!, since 1962, the
largest increases in harvest have been on
forest ingustry lands, which are cansis-
fently cut at-a rate that exceeds te
growth,

'12!'



1-4 7
Sawtimber growth and harvest In two
regions, by ownership, 1952-1976

South.

Billion board 1eel pe1 year

25 Farm and other prvaie
ol Growth |
15
= Harves!
10
5
i
0 e - s S i
1950 1960 1970 1980
Billon board feet per‘ year
231 Nalional Forest§
20t
19+ |
10t
'5 Harves!
Growth.
5T e e 1

1

Billion board feet per year

2 Forest industry
20
15
ol '
/
-/
51 o
. """-,,,.-//
Harves!
R A
1950 1960 . 1870  198C
Billion board feet per year
e Other public
20
10t
K Y
5l | Harves!
; Growih
(Ll T
1950 1960 1970 1980

Pacilic:

Billon board feg! per year

157 Farm and other private
10
Harves! :
5 \,\ GfOWlh
0 . ke b I
1050 1960 1970 1980

Billion board feet per year |

15 National Forests
10 Harves! _
/z’ .\‘\
5 / d
1 ¢ »
"‘,'"'/Gm_- |
p L
1950 1960 1970 © 1980

Inthe Sauth, he harves! on smal priate -
holdings reached 16.5 bilion board feet in
1976~25% of the nataonal tlmber

- harvest.- '

Forest industry lands on the Pacifc -
Coasl.are being harvesled at more than

- twice the rate of growth Much of ths ,

harvest is wrgm'Douglas fir.

223

13

Billion board lee! per year

L

1980 .

1

1980

~ Forest industry
| T Havesl e S
10 \\\ e -7
0 " 1. 4.1;1 'L T
1950 1960 1970
Billion-board Teel per year
1 { Other public
|
5 .
. "p’
-
1950 1960 1970
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7-15
Roundwood harvest, by product,
1950-1976

Billion cubic feet
1:5

(&)}

Lumber

121 _ ° Total, all.roundwood products

1980

4t
) Pulp products
37 '
. ) Fuelwood Plywood and veneer
‘1 - Miscellaneous
. o e —— —
0 19.50 1955° 1960 1965 ) 1970 1975
SR |
’ P90
O

ERIC

Aruitoxt provided by Eic:

]

=378

v

-in 26 years. the amount of roundwood cut -

for lumber has remdined relatively con-

- stant, but the amount cut for pulpwood

(used.in newsprint and other paper, card-
board, and other intermediate and final

‘products) has increased steadily. About

0.5 billion cubic feet, 4% of\the round
wood harvest, was used for'fuel in 1976,
compafed to 21% in 1950. : i
Since the early 1900s, the United States
has imported more timber products than it

“exported. In 1972, net imports were 1.6

billion cubic feet, which is 11% of con-

. .sumptlon—double the 1950 leve!. Most

imports are pulpwood from Canada.
' ‘ 133.
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7+16 :
Forest conditions, 1950~ 1978

2.5

2.0

0.5

Area planted and direct seeded

1980

1950 1960 1970
' Million acres per year
2 |
Widfire damage - -
0 1 i b ‘: ]
1950 11960 1970. . 1980

" milion actes of forest each yiar but this
Joss is Tuch less than,in the

_____W_Mi”ion_aﬁres_pef_year_p__.?_AMM_.;..,‘, s e i e ,M|||K)nac(esperyear‘w STV

The conditor of a forest depends on the
amount and type of harvesting; extent and

- methods of replanting after harvest, con

trol of wildfires, diseases, and insels;

 severily of soil erosion; use for recrealion;

and other factors. .
Helorestal'on is increasing. The average

nutnber of acres planied per year during

the 19705 was 18 milion—about 20%.

higher than in the 1860s. -

Wildfire now deslroys more than 3

rst hatt o
the century, when fire often destroyed

more lhan 10 milion acres n a given y- 2

20
Spruce budworm-defoliation
15 6 ‘ ’\/ '
10 »
Total U.S.

5 ~ Western States

Eastem States

1950 1960 1970, 1980 .

" More umber damage is caused by -
- sects andi disease han by fire, About 1
millors acres of foves! land wre delollated

. int9m by the spruce budworm, perhaps

the single: most destructive forest pest...
Defoliation reduces growth and someumes
kills the tres. |




7-17 ,
Recreatlonal use of the National
Forests, 1965-1977 ‘

I3

7 Miliion ‘reére'atiOn"visitoﬁdays ST T T T e e

. 2'25"
200

175} 7

3501
100+
75¢
. 50t

25f .

—_—

—_—

[y

S 1950 (1955

ERIC

Aruitoxt provided by Eic:

19€0

196¢&

~ 1870

1975

1980

095

IS

Tne 154 Natiofial Forests are’ managed for
multiple uses that include wildiife preserva-
tion, watershed protection, and recreation,
in addition.to the growth of commercial .
timber.. R o
The number of visitors to the National

_Forests has been increasing at an average

rate of 5 million per year since 1967...

OA visito'r‘day is 12 person-hours. It -

_involves one person for 12hours, 12

persons for one hour, or any equiva\ler\n
combination of individual or'group tse\
either continucus or intermittent. - \

: ' r i - - 135



use of tho National v
ctivity, 1977

zed recreation travel

nd mountain climbing , , ' -

— - . A . . ‘ o v L ) | .'; .
]

ports : )

formation -(exhibits, talks, etc.)

¢
' »
ick._riding

g forest products b . . K
In 1977, 2baut two-thirds of all visitor days
were spent in dispersed locations—hunt-

, . — — — * ing, fishing, driving for pleasure, etc, Tre

L 20 .. 30 -40 50 ' 60 remaining one-third of visitor days were
reation visitor-days. ‘ . ‘ ] : ~ spent ‘Q;deVeloped sites—picnic grounds, .’

o . B o ' redorts and residences, marinas, etc.

4.

ERIC

Aruitoxt provided by Eic:



Sources and technical notes

14
Forests

The national avlas of the United Stafes of
America. U.S. Geological Survey (Washing:
ton, DC. 1970), p. 160,

Map shows forest area for 1959,
M0
Ownership of forest land, 1977
Forest statistics of the United Slates, 1977,

“USDA Forest Service (Washinglon: USGPO
1978) tables 1,2, pp. 2, 8.

All Gaa are preliminary,

M
Commercial forest land, by region
and ecosystem, 1977 .

See 7-10, tables 4, 5, op. 12, 17.

A dala are prelminary, They exclude 18
million acres of nonslocked fores areas.

Forest types describe associations of tree
specues which in tum Jeflect tactors ut site,
climate, and stand history.

The forest ecasystems presenled are
combinations of more than 80 local lorest
types lraditionally used for foresl manage-
ment purposes.

Commercial forest land is land which pro-
duces of 15 capable of producing conimercial
timber and has not been withdrawn from
timber use Areas must be able to produce
more than 20 cubic feet ot timber per acre
per year,

112
Sawlimber growlh and harvest,

by type, 1952-1976

See 7-10, tables 34, 35, pp. 84, 86.

Al data ar~ prelintinary,

Sawtimber refers to five trees of commer:
cial species containing at least one 12-fool
saw log or two noncontiguous 8-{oot 10gs.

The minimum diameler for Softwood is 9
inches, except in the West where itis 11,
inches, For hardwood it is 11 inches.

Bo.rd feet is a slandard measure of -
12° x 12" x 1" or its equivalent 10r
sawtimber and lumber.

Growth is the annual change in volume of
sound wood in [ive sawtimber trees resulting:
from natural causes.

Harvests the net volume of growing stock.

trees removed from the inventory by harvest:
ing, cultural practices, land clearing, and
change in land use.

113

~ Sawtimber growth and harvest,

by reglon and ownership, 19521976

See 719, pp. 63-86,

A farm is a place of 10 or more acres from
which the annual sale of agricultural products
totaled $50 or mae or a place of less than
10 acres from which the sale of agricultural
products fotaled $250 or more during the

" previous year. .

Other privale lands are pnvalely owned
lands other than forest industry, farmer-

. Owned, or corporale lanas,
- Forest industry lands are owned by com-

panies or individuals operating wood-using
plants,

by Executive Order or statute and'are under
the administration of the USDA Forest.

Service.

Other public lands mclude a|| pubhcly

" owned lands other than National Foresis:

Nationai Forests have been o designated

714 »
Sawtimber growth and harvest in two
reglons, by ownership, 1852-1976

See 710, pp. 8386,

115
Roundwood harvest, by producl’,
1950-1976

The demand and price situation for fores!
products, 1976-1977, USDA Forest Service
(Washington: USGPO, 1977), table 2, p. 39,

Data for 1973-1976 are p}eliminary.
Roundwood products arg logs, bolts, and
other round sections cut for industrial and

consumer use. _ .
Miscellaneous products include cooperage

logs, poles and piling, fenceposts, hewn ties,
round'ming limbers, box bolts, excelsior .
bolts, chemical wood shingle bolts, and mis-
celianeous items,

716
Foresl condmons. 1950 1978

Ared planled and direct seedzd,
1950-1970: The outlook for limber in the

. United Sttes.. USDA Forest Service (Wash-

ington; UsGPO, 1974), forest res. rep. 20,
n. 40, 1971-1978: 1978 report, forest plant
ing, seeding, and silvical Irealments in the
United States, USDA Forest Jervice (Wash-
ington: USGRO, 1979).

Area burned by wildfire: Historical statistics
of the United Stales, colonial times fo 1970,

“U.S. Bureau of the Census (Washington;

USGPO, 1975), p. 537. 1977 wildfire statis-
tics, USDA Forest Service (Washington:
USGPQ, 1979), table 2, p. 14, and prewous
annual issues.

Spruce budworm delo'ialicn; Forest insect
and disease conditions in the United States,
1977, USDA Forest Service (Washington:
USGPO, 1978), gs. 1, a. pp. 39, 57.

Data on seeding include fores! plantings,
wingbarrier piantings, and direct seedings in
fiscat years. :

147 .
Recreational use of the National
Forests, 1965-1977

" UsbA Foresl.Sewice, Recreation Informa- -
tion Management System, unpublished data.

Mechanized recreation {ravel includes:
automobiles, scooters and molorcycles, ice
and snowcraft {primarily snowmobiles), spe-
cialized land craft (primarily allterrain vehi
cles), train and bus touring, aircrall use,
aerial trams and lifts, non-motorized aircraft,
and bicycles.

M8,
Recreational use of the National
Forests, by activity, 1977

Statistical abstract of the United States:
1978, U.S. Bureau of the Census (Washing-
lon: USGPO, 1978), table 396, p. 243,

Resort and residence use includes day and
overnight visits.

Nature study includes.viewing scenery,
sports, and enteriainment.

Picnicking includes games and leam -
sports, ‘

.
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Rangeland Rangeland

Rangelands cover more than a third of ”
Ifie tand—the vast prairies of the Mid- -
west, the semiarid plains and deserts of _ " d
he Southwes!, and large areas of Alas:
kan lundra,
Litlie effort was made {0 manage and
protect this grazing resource until the
ale 1930s, For years, the quality o the |
land suffered from chronic overgrazing,
lack of soil conservation, and generally
poor range management, Federal laws
enacted in the past 20 years direct the
Forst Senvice and the Bureau of Land
Marlagement to manage Federal range-
{anaf for muliple uses. The uges include
grazing for domestic and wild animals,
habilat protection for endangered
- speces, fecreation, mining, and

.

agsthelics.
3
/ . ,f -
- o - - Each dolrepresents 25,000 acres }J'
Rangeland occupied 820 million acres in In 1977, most of this land was actively _ ' :/i !
176, a figure that has changed lite in grazed by domestic animals sometime o
N the past 25 years. The largestareas are in  during the year. The rest was ehertoo /'_ S /
the West and Southwest. ‘ - poor fo support grazing or Was 100 o
Ranggland refers lo all land on which  soialed. - i
' S the vegetation s predominantly grasses, o L ‘ IE
: ' grasslie piants, or shrubs. It includes land - , - ;‘ o |
. with less han 10% in ferest vees ofany ~ © ‘ N
o 23 [ kind and excludes improved pasture fand. | - 3 8 xﬁZ $ )/ “ S ;
Ly . : 4 . . . ' . N
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7-20 : B i
Ownership of rangeiand, 1977, S 1
Nonfederal (381 milion acres) Federal (439) .
- \ ‘
B3 R ' (346)
| . |,‘ "‘ ' .
i e
v . - 0 ..
. o Forest Service N\
"
{1 ":lf:
e
i ! 18]
Includes private, State, local, and Bureau of Land Management | Other Federal
Indian tribal rangeland ‘ '
Total rangeland = 820 million acres
The Federal Govemment owns more than By I .
half of all rangelands and leases more - ' S .
‘than 17 milion acres to privale fanchers . g
for grazing, ‘ -
U ) Y
TRY A .
233 ik Ay



7-21
Rangeland, by ecosystam, 1976

O

Rangetands are of three i
ecosysiems: grzsslanc
Alaskan tundr::,

ar Types or
tangs, and

[ - ——

ERIC
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Grasslands (48 States)

Plains grasslands

Prairie
Mountain grassiands

Desert grasslands

Annual grassiands :
- . -

Alpine
[
We! grassiands

i

Mouni{ain meadows

| —

e U
P

<5y

140 160-

0 20 40 100 120

Million acres

60 80 180 200

‘The plains grasslands are the most
extensive. The largest are in Montana,
Wyoming, the Dakotas, Colorado, and
Texas, where they support the range catile . .
and sheep industries. The mountain . ‘ .
meadows and alpine grassfands provide a
variety of recreational activities, including
wilderness camping. Energy resource
development, particularly ceal and oil

p}hospﬁate mining often take place on
rangelands. o

-shale, and copper, sand, gravel and ST



Shrublandd (48 States)
Sagebrush

Desert shrub

Pinyon-junioer
Southwester shrubst=ppe

Texas savanna

]

Chapparal-mountain shrub

e

Desert

|

Shinnery

J-

0 20 400 60 80 100 120 140 160 180 200

Million acres

The largest shrublands are in Nevada,
Utah, Arizona. and Texas. Some of the
lands are used for fivestock arazing, but
most are left to wildiie,

o

- butit can support some vegetation such
a5 lichens—the principal food of the

Alaskan fundra -

Algine tundra

Mois! tundra

]

Wet tundra

]
I

Shrub thickets

]

Muskeg-bog

:] .

Aleutian alpine

|

Aleutian moist twndra

]

020 40 60 80 100 120 140 160 180 200
Million acres '

The Alaskan rangeland is largely tun-

* (ra—a treeless plain, characteristic of

arctic and subarctic regions. Much of this
lang containg permanently frozen subsoll,

carbov,

| r -i ; " o '. :.. | “.. 214!3
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‘Quality of r; - 72land, by ecosystam,
1476

All rangeland

48 Stales

50 States

.

{

0 10 ?0 30

" Percent

40 50 60 70 80 90 100

e I

. Moderately
low

- Low

The condition of the rangeland depends on
mary factors—the intensity of grazing by
domestic ang wild animals, off .t0ad vehi-
~ ¢le use and other disturbances of the land,
concentrated use by indviduals, use of
herbicides, harvesting of timber, wildfires,
damage by insects and disease, even
major weather changes. Al modiy the
vegetation and sois of rangelands.

One measure of the condition of range-

lands s the extent 10 which the ecological "

arowth polential o a site has been met.
High quaily range s land on which.
vegetation and soils meet 80% of the site
 potentak low uality range is land on

" whith vegelation and sols megt 20% or
less of its potential, Without intense human
use, almost il rangeland would falinfo
g or moderal gly high category.

ST

Moderatly

igh |

high

Less than haf he grasslands are o
high or moderately high qualty. About 40
millon acres are low qually, manly
because of overgrazing.
Overall, about 45% of shrublands are of
high or moderately high qualty. The South
. western shrubsteppe is in the least
satisfactory condition. '
- Nearly all Alaskan range'ands ar of
high ually.

Grasslands (48 States)

Plains grasslands

Prairie

Mounl) meadows -,

010 20 30 40 50 8 10 80

Percent : '

Ji5




Shrublands (48 Sfates) . | - " Alaskan tundra

i Sagebrush . % | Alping fundra
. . | )
Total Afaskan tundra ' -
0 10 20 30 40 50 60 70 80 %0 100 0 10 20 30 40 50 60 70 80 90 100

Percent , . , : | Percent |
| | .

9 - - | |
ERIC - q,. 04
B . 7
[l o . R



713
Productivity of rangeland,
by ecosystem, 1976

Grasslands (48 States)

- | 'Plzins grasslands

Prairie

———

Mountain grasslands

Desert grasslands

]

Annual grasslands

HEI |

|
Alpine
L
Wet grasslands
Mountain meadows
| |
0 o awm w40 600

Average pounds of herbage and browse produced per acre per year

Tne productity of rangelands varies

widely by Jocation and ecosystem. The
southern cordgrass and Everglades wet
grasslands average from 4,000 to 8000
pounds of herbage and browse annually.
The best sites can produce. 10,000 pounds |
or more per year. The large grasslands
and prgiries of the,Great Plainsproduce

» 300 pounds of herbage and
m Nyear.

At the other extreme s the desert shiub
of westemn Texas which produces only 200
10 400 pounds per year. The Aliskan eco-
syslems also have generally low prodc:

vy, less than 1,000 pounds per acre per

year,
¥,

!
[
a

Shrubiands (48 Stales)

fiagedrush

| Desent shiub

Pinyon-juniper

Scuthwestern shrubsteppe

Texas savanna

i _’Qr Yl

Chapparal-mountain shiub

Desen
(no forage produced)
Shinnery
0 WM am oo s

Average pounds of herbage and browse produced per acre per year

2‘49 |
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Sources and technical notes

719
Fangeland

The naticnal atlas ¢f the United Stales of
America. U S Geological Survey (Washing-
ton. DC. 1970). p. 160

Map shows rangeland area for 1959 and

in~k;des cropiand used only for pasture, pas-

tured woodland, other pasture lard in farms,
and grazing land not in farms.
Excluded are two ecosystems which can

be considerad either forest land or rangeland’

pinyon+uniper (47 milion acres) and
chapparal-mountain shrub (14 miliion acres).
With these two ecosystems, total rangeland
1s 831 million acres in 1976.-

7-20
Ownership of rangeland, 1977

Revew Sraft of "An assessment of the
forest and rangeiand situation in the United
States,” USDA Forest Service (Washington.
D.C.. 1979), p. 242.

Ail data are preliminary.

Excluded are the pinyon-juniper and chap-
paral-mountain shrub ecosystems.

721

Rangeland, by ecosystem, 1976
See 7-20. p. 29.
All data are preliminary.

7.22
Quality of rangeland,
by ecosystem, 1975

See 7-20. p. 242.

A.l data are preliminary.

Excluded are 1 million acres in Hawai
which are of varying quality.

High indicates that vegetation and soils
deviate from site potential by ies5 than 40%.
Moderately high, Ly 40 to 59%. Moderately
low. by 60 1o 79%. Low, by 80% or more
from potential. T '

723
Productivity of rangeland,
by ecosystem, 1976

See 7-20. p. 35.

All data are preliminary.
Excludes Alaska and Hawaii.

.
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Wildlife

Quef hundreds, thousands, even millions &
Qt yEars, plant and animal species grow
and decline iN number and extent of
rang®. They adapt geneticaliy and some-
WmeéS behaviorally in order to reproduce
3nd 'O survive, When a population cannot
{daPt to changing envirenmental condi-
tinS. it becomes extinct.
Fluctuations in wild animal and plant
RdopUlations, orce caused primarily 07
Qhanges in Climate and interactions v-th ‘
Qtner species, are influenced increasingly '
©.1eN by human activity. In fact, the con-
tinved existence of milions of wild species
Yep€nds on human wilingness 1o provide
tor their conservation.
To mitigate these threats, Federal, State,
and local governments have established a
vari€ty of programs whnich have helped to
cohServe game species, species subject ~
v 1o COmmercial harvest, and some species
knOWn to be threatened or endars™ed.
mMore recently, government, conservation
Qrgar:zations, and concerned individuals
ar? Now promoting conservation of non-
game animais and wild plants as well.
The greatest threat to wildife is now
iroM habitat magification. Construction,
. urbanization, other development, agricul-
ture. and intensive management for one or .
a few species contribute 1o the decline of
available habitat, Other threats are polly-
tio". displacement by exotic species, and
- g¥cessive harvest,

251 g | .
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81
Distribution of vertebrate species
and major subspecies, by region, 1870s

The lands and waters cf the United States
suppors 2.500 species of vertebrates—430
mammals, 1,600 birds, 300 reptiles, 175
ampnibians, and more than 1.000 fishes.
There are an additiona! tens of thousands
of invertebrate and plant species. A few
animals and plants are found in many
types of habitat throughout the Nation, but:
most require specific habitats. some of
which are quite smail.” . i

Th : larges: numbers of reptile, amphib-
ian. £nd bird species are in the South. The
largest number{)f fish species are in the
Southeast, in both fresh and salt water,
and the mpst mammal species are in the
Rocky Mountains. the Great Plains, and
the Pacific Coast.

. About 766 million acres of Federal, State,
and local public fands provide some degree
of protectegd habitdt for wildiife. Most are
in the West. Some are managed to provide
focd and natural shelter for selected
species. Others are simply wildarness. in
addition to these public lands, millions ¢t
acres of private lands, largely in the East.
provide suitable habitat for wildlife.
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Selected large mamiral populations -
on Bureau of Land Managsment lands,
1961-1975 | |

A

-

oy
Poputation
10,000,000 ¢
L
1,000,000 ¢ ,
. Caribou
' Pronghorn antelope
. Moose j
oo} |
' ' /\ Bighora sheep | *
10,000
1,000
1(,)01960 1965 1975 1980 .

1970

\ .

For ma‘ny mammals, particularly large

" ones, habitat modifcation or estruction

and excessive kiling have reduced popula-
tion size, and some speces,are in danger

eral and State"conservgtion elforts focus

* on mammals of commercialor sports

value, particularly the large herbivores,
these are the species whose habits and
numbers are best known and whic/fwa/w
been mast efficiently conserved. ~ -

Large native land mammals include the
peccary (Tayassu tajacy), pronghom ante-
lope (Antjocapra americana); bighorm

~ sheep {Ovis canadensis), Dal sheep (Ovis
" dall), mountgin goats (Oreamnos amer
 ranus), canbou (Rangifer tarandus), white-

til (Odocoilews virginanus), blacktall
(Oocolevs hemionus columbianus, and
mile deer (Odocoileus hemionus), el -

. (Cervus canadensis, Cervus nannodes),

moose (Alces alces), bison (Bison bison),
black bears (Ursus americanus, grizzly

* bears (Lrsus arctos), mountain Tions {Fefs -

concolorand gray wotves (Canis upus.
Most of these species require large areas

 {o maintain viable populations in the wild. '

Bureau of Land Mana‘gefnent lands

Deer, the most prevalent of the large
mammals, are found in forests and on,
rangelands in most of the country. The
whitetail population, for example, has

 of becoming exincl. Becausg most Fed: . Qrown.as cuioier forests and abandoned -

farmiands in the East have grown back,
Deer, numbering in the millions, are
belleved o be as abundant today as they
were priot to European settlement, .
Elk populations are estimated at 25% of
presettiement totals, and pronghorm anle-
Inpe at 2% lo 3%. The bighom sheep
and bison are both estimated al less than

- 1% of early levels.

L]

" NatlonalForets and NatonelGrasslnds



83

Selacted large mammal popuistions

in Natlonal Forasts and Natlonal

Grasslands, 19601978 - .
Poputation Population '
10,000,000 , 10,000,000 A
B Ar / : /NJ?BL.\'——- :
| - " Black bear
100000t o | 100,000 - -
[ . Pronghom antelope o |
. e Mounlain goat _
 Moose — o~ Bl ———
. Bighom sheep ! , " Peccary
10,000} L | 10,000 . o :
: N Alaska brown bear o —
PSR Mountain lion
Sl L ;
. | | . Dall sheep ‘
. .‘ R ) [, '
1,000 R .
Grizzly bear
Caribou TR N
ﬂi
100 y . Lo , _— ! 100 S ) N o " . |
1960 1965 1970 1975 1980 1960 195 1970 1975 1980
o




Mo
Animals removed or kitled by

- Foderal prodator control activities,
19371978 -

85 | '
Bird specles observed, 1368-1977

| Hu%ng, Irapping, and polsoning have
been the traditional response to animals

-—considered-predators-Such-kiling-has—
decreased subslantially since the

mid-1960s, when Federal predator conirol "
programs were curtailed,

Number of animals
100,000,

100,000¢

10,000

1,000

100

1

. Coyote

N Bobeat

Red walf '

Mountain lion

Timber wol

1=
1930

‘940 1950 1960 1970 1980

Bids are the most visile of the verte-

. brates, and there are more than 900
kriown species thaf vary In form and habit,
Some have feeding habits as specialzed

~asthe Everglades Kite (Rosthrhamus
sociabilis plumbeus), which eats only a

. single species of snal, the biue jay (Cyan
ecitta cristata), on the other hand, is a -

. generalzed feeder. Birds jve-aimost...

everywhere-—trom remole forests, moun
tain fops, and far out at sea to central - -
cifies. There is also great variaty in the . f
- arees over which they carry oul their -
activities. The home range-of. Belding's
~ savannah sparrow {Passerculis- sandw:ch
ensis belding}) covers only about 6500
square feet (600 square meters) the:
_ golden eagle (Aquila chrysaetos) has a
) ‘range.of 36 square. mtles 93,000,000
square meters) e
.Ona givan day ,m,:the‘nesang,se
lhe Iarqest number of bird specles h
’ ; been observed in'the GreatrLaKa
~Baltand the sprucehardwood f
the Northeast; the fewest have been
desens of the Great Basm‘ Duri
. years of the annual Breedung
the average number of specieS‘obs

viduals observed




nomber of species

observed per roule

e

Average

R
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Selected bird specles populatlons,
1966-1977

Lo f

Catlle egret
LY

Brown-headed cowbird

~ Common grackle |3

House finch

Some Species are becoming more wide-
spread; others are declining in number

Loss of farm hedgerows has affecled
he population of the eastern kingbird

and range.-In- some. areas—exoﬂ&blrdr“j—"(Tyrannm lyrannus)

and birds that can thive in a disturbed
habitat are becoming more common af

the expense of native birds,
A native of Alrica, now established in

the eastern States, the callg egret

habitat, cattle pastures.

supply of grain, thus reducing winler
mortalfy of the brown-headed cowbird
(Molothrus afer) and the comman ‘grackle
(Quiscalus quiscul).

The house finch'(Carpodacus mext

{no change)

(Bubulcus ibis) is rapialy spreading west.
There s e compeltion-for ils primery

Mechanical harvesting increases the

Conversion of farmlands to res1dentla|

 areas has influghced the populations of

the.vesne: sparrow (Pocecetes gramineus)
and the roggerhead shrike (Lamds udo
vicianus).

_The eastem.biyebird. {Sraha s:al:s) popu
aion s decreased a5 2 resultof abnor-
mally cold winters and competion for
nesting sites with startings and housg

" spartows,

‘The grasshopper. sparrow (Ammodra: -
mus savannarum) populalion has declined |
in part as a resull of-lhe conversmn o!

“farmlands to remdentral areas.

canus) is nalive to the West, Releasedin . - -

New York, it spread through the easterm

Starling | {no change) .
' - States. It-has adapted well to suburban
habitats. , ‘
N o _ After rapidly moving wes!, the staring
Eastern kingbird o (Sturus vilgaris) s now common through
‘ — | out the United States and Canada. It i
| ' ‘slowly spreading north to Alaska,
| Vesper sparrow I
s i Loggerhead shrixe - .
| | Easten b
o Grasshopper $0arow
‘ 2
-10% -5% 0% +5% +10%

Mean annua! change in population
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Most frequently obsg®ibingding bird

species, 1977

O
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fled-winged bigef- bild

'——‘———\/\‘/\/\
House sparroy,

.._.___'___-..‘..‘...__.\/\_/\'/\,\/-\__
1-Common graQyie

——-———4\‘ / ‘-’v T ————
Starling

_'——__\/\_ N
Western meagods tark

—'T-‘—“—,——\/\/\/\’_‘/\—’ l
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American 1obip

& ’

Mourning dovg

Common crow

L

Eastern meagqor/laik

|

Cardinal

u

Song sparrow .,

i did iy

Barh swallow >

L T
0 ) 20 , 40 60 - . 80 100
Mean number gpf SIveq ger route -

1

A . 2B5

The 12 most commonly observed bird
species breeding in the United States are:
the red-winged blackbird (Agelaius phoeni-
ceus), house sparrow (Passer domesticus),
common grackle (Quiscalus quiscula), star-
ling (Sturnus viilgaris), western meadow-
fark (Sturnella neglecta), American robin
(Turdus migratoriusj, mourning dove
(Zenaida macroura), common Crow
(Corvus brachyrhynchos), eastern mea-
dowlark (Sturnella magna.cardinal’
(Cardinalis cardinalis), song sparrow
(Melospiza melodia), and barn swallow
(Hirundo rustica).

.
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Distribution of North Amerlcan
braeding and wintering ducks, 1970s

Migratory waterfowl travel from Alaska and
northern Canada to South America, Most
of them breed'in the North and fly south
for the winter—a pattern that requires

welland habitats for breeding and for win-

lering, with food and shelter along the
way. The birds generally follow one of four
primary north-south migration routes or fiy:
ways—along the Pacific coast, over the
Central States, along the Mississippi River,
or along the Atlantic coagt,

Breeding density:
Ducks per square mie

Wintering densiy.

Fach dol represents
25,000 ducks

¢




‘breeding populations in : ‘ ' |
1 America, 1965-1979° _ . '

— - 1
and goose populations, e ingin /
1t years from 30 million to mere than

i:on breeding birds, flucluate with

Milion ducks .

al weather condiions on the bresdng 50 § - - -
nds. For such gpecies as arctic- . ‘ .
ng geese, the onset of breeding 15 ; . . B ‘
ncad by the extent and duration of " A ’ | ,
 cover. Nesting that is delayed until o . /
oenefally rasults in fewer.young in i o ' \
-} migration south. Produgtion of ’ ' " . .
g in the major breeding areas (North | - o ]
South Dakota, Aloerta, Saskatchewan, 35 , ' /H \
Manitoba)is generally good during . i :
s of normal or above average precip . . -
& ' 30 - L
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Duck harvest, by flyway, 1352-1978 -

tion qucks

/
.253'
|
!
20
|
.\. bl
15 !
10r
i Mississippi
S Pacific
LI 5’_
\
Central
Atlantic
1950 1955 - 1960 1965 w970 1975 . 980

The harvest of ducks has fluctuated be-
tween 5 and 19 milion in ihe past 26 ...
years, In general, the farger the duck pop-
ulation, the larger-the harvest. Roughly

" 15% of the fall duck population is kiled

gach year by hunters.
Excessive hunting has historicaly led o
depleted populations of migratory water-

" fow, but a more important ongter infl-

ence s the loss of naural habit, parcy- *
larly wetlands, .
To protect welland breeding areas, the

, Federal Government marages 16 million

actes in Minnesota, Montana, Nebraska,
North Dakota, South Dakota; and Wiscon-
sin In addition to wintering and feeding

. lands along the mejor flyways. Mos! bregd-

ing and wintering activities take p'acs on
private properly, particularly farmiand,
wihich is often under consideration for

drainage and futwe culivation. The most
- threatened wellands usedbymngralory ‘

walerfowb are in the Mlssmﬂppl Valley

'- |U"
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o pelican popu'ations
d toxic residues in eqggs,
69-1976

Brown pelicans

\ Souln Carolir.

Southwern and 33 Caliomiz
Tove msidue 1 208 N Sample Tosic residue 12 £9s Sarple
parts par mikon) . \ population . (paris per milion) \ population
v ) ‘ 1,200 '0" 14:000
o o . ‘ N aer of o i
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\ addliion 10 ‘0ss of habilat, tosic sub- . After DDT was banned for most usez in
ances in tie environment are a threat to- 1972, levels in he eggs of brown pelicans
irds—particularly {he large predatory (Pelecanus occidentalis) decreased signifi
necies. DOT, g derivatives, and other,  cantly in southern Califoria and South -
hloringted hydrocarbons-are examples of - Caroling. Al the same time, the number of .
-mical contaminants that accumulaie-in  fledglings increased, Growth in the rlumber . ‘
nimal tissue. These compounds interfere = of fledglings is & function-of the lowes con- - -
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Distibution of fish species and major

subspecies, by type of environment

and regian, 1970s

Pacific

lslands
Moy 8
L 1/
R 26
4 5
0 8
T 32

*J S. waters suppert - re than 1,000 fresh '

wale and marine fisn species. With ls

warh. cimate, aburdant raifall and ex-

lensive walerways and coastines, the
Southeas spports more frian 500.

I .
* \J
R
ph e

Total

167

4y

Canbbean
‘ Islands
M B
L kil
R €6
E 17
0 185
Total 215

! 1_,1'; _

Number of species
and subspecies

[™] Morethan350
175:349

T

Enire Unted States

M Marsh 288
L ke 415
q  Rwer 70
£ Esuay 448
0 Oeean 46

Total 1067



8-13 ' ’
U.S. and foreign fish catch
in U.S. waters, 1950-.1979

Yohon counds -
.i’\‘
¢ .\~~,
.‘/ l"‘
- / N
N S
Total
i —
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e d \\‘/
ay
i
5 ) -
; . o
; ’ ' Foreign
’ 1 . >
‘ .
!
¢
[y o - — - .
195) 1955 1Ge0 1965 1970 2975 1980
s

The total commercial catch in U 31 waters

dechined dur ng most of the 19708, The

peek was 12.7 billior: ¢ounds in 13715 in

1977, the cetch was €.9 billion pounds. ,

Catch by 1S, tishermen has changed . . .

. htte in 2€ years, averaqing 4.9 billior ‘

pounds per year. Foreign caich in U753,

waters, 8 the other hand, inc:easec -

7.7 Gitlior, pounds in 1971 but hes siie

geclined to 3.6 biilion pounds. : , R
o o 276 b5 SRS

O
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814
4.5, and foreign catch of selected fish
spevins in U.5. waters, 1950-1979

[

SUDSHIULNG New SPECKS &S EARCAING HE .

more traditional ones at fasler rates has
enabied U S. commercia! fishermen fo
maintain levels of production. Yet about
half the important commercial fisheries
are showing signs,of declining caiches. As
early as 1963, the Pacific haibut (Hipoo
glossus Sienolgpis) began showing Sigfs of
sepietion, and catches declined steadily
for 15 years. The hiacdack (Melanogram-
mus aegiefinus) and the Atlantic herrng
(Clupea harengus harengus) were over-
fishad, arid calchas deciined precipiously.
Once a fsh stock is deplsted, ire fieets
move on, often causing anotier fishery to
decline. So continues the cycle of exploita-
tion and degline.

During the past century, many of the
mos! desired species of salt and fresh
waler fish nave been overexploited. It is
not always known whether a given species
will regain.previous levels of atundance or
will stablize at iow levels.

in an attempt 1o restorz fish populations
an f3heries, the Federal Government has
set guatas on annual ratches of these six

_spacies and other seiected species since
17:. The haddock quota is 14 milfon
pounds, |f mainfained, ! is expected 10
raise annual sustained yield to 100 million
poUNGs.

,,,,,,,
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815 .
Estuaririe habitat lost to dredging -
.and filling, 1950-1969 ' .
N \r7 - L Grea!
o hanaes! D‘ : . Laus
Q\G_ = . ' b ‘
21420 ‘ /" 0 v Narin
oA j Aenbc
’ JUCI g !
i‘ u‘:v ™ : \,/ -2—5"
; » ! ;/ 7 : ! A N0
AR
/ . { J N~ ;l
- Lo { 5/ e
. T :’ Avantc
S 770
racke 3 22018
‘ Sw')utl‘.‘/t)S( "\E \ Cresapeake \
4H2 w - 50 o
: ?\ = ;
S B 503
. Percentage hatiat lost
o~ ’
; ' S!ou?h 1 80-11.9%
pooys 103%
- D Less than 1%
R ] Data ot
" Aaska » , available
el ,
5934 , U Bicayne and Peicentage habiat lost*
4 0 e ‘ : Fionca Bay. - = (thousand acres los!
SO ‘ Kl Ihrough dredging and
e 037 filing + thousand
: acres of imporiant
habitat)
] For example:
' »\ 2”_ =919
- R
, d
Fish stocks have also been reduced by The most lasting impact is destruction . RN
the modification and destruction of natural  of estuarine habitat, the breeding and > .
hatitat, by changes in safintty and sedk nursery grounds for shellfishand many
mentation, by increased poliution, and by other forms of aqualic life. Betwean 1950
use of coastal waters for transportation £ and 1969, an ‘estimaled 646,000 acres )
and recreation. (49%) of estuarine habitat were lost to '
ro cdredging and filling. Y
g 282
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Fnsh kills caused by petllution, )
1961-1876

- o - e ot b e e . s e
| Mitlion fish killed - )
120r E
1 ')1’ . ':[ .
* ‘ : ]
160+ ' 1
] 4 L5
30 . g - R
! {1
30+ i
: Pl
70 5 ) o : i
60 . ot
7. ,
50 | i i
a0t - :
! )
30t '
20
10¢.
. . -t . - ' =\
1950 - | 1955 1960 1965 1970 1975 1980
‘ . ¢ ) ,

_ Between 1961 and 1976, 482 million fish Kills of 1 million or more were responsi- Low dissolved oxygen levels resulting
were reported kille¢ as a direct result of ble for 77.% of all reported flsh killed m ' from excessive sewage, primarily munrcr
pollution. These reports, Which are volun- the 15 years -pal,.were the leading cause. The largest
tary, probably account for only a fraction . single incide it was reported in 1974, when
of the fish that were killed. Many small kills | ’ an estimated 47 million fish were killed by
are not noticed or are not feported, and o - untreated sewage in the Back River near

. “large kills are often not included because T Essex, Maryland. The second most.com-

“of insufficient information to determine ' mon cause was pesticides.

whether the kills were caused by poliution-

or natural factors, , : : . .‘0'8 3 . o .
[l - - : L] . ) fg: ~»

: B R 165
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Extinet ertebrate species

and subspecies, 1760-1879 .
umizive aumpet o -
gt SpECieS ang SLO-SPECES \
SU-
Ay
&
A

1760- 1780- 1800-  1820-
U7 1709 1819 1839 1859 1879

900 19197 1933 1959 1979

0. (0. 1880 1000 190 1940 %60

l}

Since 1958, no species or subspecies o
mammal, bird, or fresh water fish has

" been designated extinct by 1900, 22
- SpEcies of mammals, bids, and fish wers

lost, and between 1900 and 1960 anothe.

24 wee lost. Some of these lost mclude
- the eastem ek (Cervus canadenss cana

densis) (18803) the: passenger pigeon -
(Ectopistes migr=toriss) {1890, theCard

' fina parakee! (Conuropsis carolinensis
- caroinensis) (1920s), the plaing woll (Cand

lupus nubilus) (19209), and the Leon
Springs pupfish (Cyprinocion bovinus)
(19305): These animals were hunted mdls

" criminately or theit habitat destroyed

The current rate of extinction of wam ‘
blooded veriebrgles (20 o more birds and.
mammals per 100 years) is seven times. -

“thal estimated for the late Pleislocene

period, & time of great geologlcal and eco-
logical change at the end o the most
recent ice A8,

- Complete and accurate records of
exting! insects, crustaceans, and other- -
invertebrates have not been kepl. By offi
oial record, no reptiles and only one
amphbian, the Vegas Valiey lpopard froy

- {Rana pipens fisher), have been lost n the

United States since Eurapean sefiers
aned. ‘

\‘C‘,,\ - ‘,v .
9Q~\ ;\ oo e
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Threatened and endangered animal : '
species in the United Stales, “ .
December 1979 - - ' .
. ‘ —
. i
Mammal
I P I g
| S
REDN
| ¢ |
| | ,
Replis
] |
» | |
e
AR
Ny i
" Figtes
;o
i
| Snails :
\
{ /
Clams ‘ _
| . Many species of widife'in the United
| J ' ' _ States are dangerously close 1o extinction.
s ustaceans | o - At the end of 1979, 228 piant and animel
»] o : : . species were listed as endangered; 44
‘ ' were listed as threatened, Another 49
J l ‘ | animal species had heen proposed for
Insects ‘ ' _, ' . designation and were under study.
. '—“"7—_1 , - ' The Endangered Species Act nrovides”
| | | ' : for their conservation and recovery. An
U piants o o erdqngered species 1S in danger cf{tve-”
‘ : ' coming extingt throughout al or a signifi
o 4 patt of s ratural range. A threateng?
9 ‘ < lily 1o become endargered in -
A A ’ “ able future,
0 10 20 30 49 5 60 70 ; Logcies arg delermined endangered o -

threatened by the Secretary ol ‘e Inlerior,
The States, the Smithsonian institution, the -

[}
L . US Fores} Serwce and other administre-
Endangered Tnealen». ‘ ‘ tve unils rave classilied addiional species
. ‘ as endangered, threatened, rare, of
oo ! g ' sengiive.

L o DRy

Number of 3PRCIES




815
. Poputation of selected tveatered '
 2nd endangered Species, 19411979

B

California conder

N

=
=

Sume species 18 fecovering—ine Amert
can aligator [Alligaior MisSiSSIDpISnsis),

+ tne hall eagie (Halaealus leucocephalss),

the whooping crane (Grus americang), énd
the Key deer (Ddocoiieus Virginianus
claviym) populations have inCreesed
signiicanty.

Cirets afe losing graund desple £on
servation eflors. The Caifornia condor
(Gymnogyps californanus) popuiation vias
decimaled in the 1800s and early 19C0s,
ard the peputation has been decining
since. Only about 30 birds now reman.
The Florida panther (Felis concolor COrp)
‘s als niar extinclion.

For some species it is too late. The
biackiodied fertel (Mustela ngries) s
prebably extinct in the wid. The ivory-billed

woodpecker (Campehilus principalls princt

pals) has not bean definitely observe'd |
since the fate 1540, The red wolf Zanis

1ulus, popuiation has ceciined beca.3¢ of

excessive kiling by man. The small
remaining population 1S p_owvhybridizing
vith coyotes ang dogs, and ne animal il
caplivty are of questionable geneic purly.

Under provisions offhe Endangered
Species Act, &7eas on which endangered.
and threatened species depend for sur-
vival may be designated critca habitals
by the Secrelary cf the interior. In these
areas, Federal agencies must ensure thal
their aciiities oo not eeherses ity ¢°
ooy i he: ot . e o RO
nued existence,of the species.

Mote than 100 Critical hadiig:
125 A few
" species—te whoopeg Crene, for

example—have-severa! criticar habilats
hich range from breseing grounds in the
North48 wintaring grounds ia the South
vith Stopover areas DELWEEN. Critical habk
fats range from 15 acees 101 the St. Croix -
ground [2a1d (Ameiva pobops) 10 46 milion

" acres for the gray wolf (Canis upir)

Cifical habitats are fint closeg to most

‘human uses, cnly 10 acthities, which S

veaten the welkbeing of me/speciés. '
Designation as crifcal habitat s based
soiely on bioogical factors, and  may

" cover piivate aS wel as pubic lards

Very farely ore crical hablls desi

nafog for plant Species because of the

posshle species destruction by souveni
hunters. :
The snal carter (Percing tanag) s Jhe
only Species whose designated crilical:
habtat has.een destroyed. When the
Telico Dam on the Litle Tennessee River
was exempled fom the Endangered  *
Species Act, the fast known (at that time)
natural area o the sl darter was
flooded. Although two other rivers in
Ternessee have been stocked wih the

snait darter, neither has et been desig-

nated 3 ¢ritica’ habite!
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Cordition of selecled threatened
and endangered species ‘ '
v
P Haeepen o
: : Wy R R R A S I Tclte R
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: ) maactn . . A C0aST  Reproguchion imparment divn e63
: 0 ] Southeastern Atlaniic coast Tesas (0ast  heprosuc
£ttt DO Dt b A I T srcls), prmatty iom pesticidas (00T
Frnce s occiels ' ang geldnng in food
CAIBIST : ‘ .
o rbon mmacrnl el Reproduction mparment (1hin €G3 =
b . ¢ L 112 Pacitic coasia Slznds eDrogue. ‘ 4
’(‘;‘:“?Om’d D(O"mdpmfcfm - ,\(‘;Ua',/}ij shells). prmarty from pesticices {DDT
h’,!.'];,',1?,"[/,5(.3(?C'\M"VMS : lﬁ}:,,ceg and geld: ) tood
CalQnmieus W
. . ! 1]
Asgtian Canags qongs: £ 1650 1971 Breads in weslem Aleutians! Aecuction of seeur qreeqwng g
rz--.l"d ﬂf:‘_d ! J-j)w oo Winters i Caormia § cantral valey caused by pregation oy aichic 1oves
Bran'a canadmis leucooared Alooo gopus!
< Caatia condar £ 5 10405 Mountans north of Los Angees Land revaopmbnl, deCidsing lood
\""1»‘}#,b~}x;§ ‘\1'7'»,.,/ s b ety 1960s A d supply pestcices, poution
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A . ; §UEY S late 19605 °
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820 (continued) ' L L . .
Condition of selectp‘ﬁryeatenad S | , : ' | S
and endangered species ' ' o !! _ ' '

v Estimated . S o )
Specis Status population o Yew \ Habilat 5 . " Causes for decling, commenls
T S [ A
Whooping crane” i B 2,000,000 . Pro- Rrbeds in Wood Bulfalo National Park, Shooling, reduction of breeding habital
(IS diericnd ! s “setlioment Mackenzie, Canada; winiers on Texas  prior to 19408
' | 1.3 mig 1808 coast, accasionally in Mexicd
j ' il 1941 ‘
e 16 . 198 ’-
P % 1950-1952
. ‘, ‘ 60 _ ~ lale 0605 '
‘n 80 X 1R .t . : ,
" ' . 06 1976 ‘
? T , 120-125; ' 1979 ’ P
‘ . . . including 29 ‘
, " incaplivily . )
Mississipp sandhil crane B 040, : | 1970 Jackson County, Mssissipi Modification of habilal |
Gl canadinsis pullé _+ including 9 . ) )
S n caplivily . . . ,“ .
o - 548 1978 - , | ‘ |
Puerlo Rico panol -' E 19 L 1975 Luguilo Mountains, Puerto Rico Destruction of hap‘{lal. competition for
Amazon willala ' 2 1976 oo . nesfing sites; laking &s pels; disease.
g 1977 A | + shooting
2628 + 15 . 1978 . .
n capiivity o " R
' 5415 1979 X
o caplivly A ' )
V/' Bald cagle ' EN more {han R Prmagily Chesapeake, Northacsl, * Destruction of habila). pesticides n lood
Hald.olus lgucocephalus 1,300 nesting pairs .. Greal Lakes esluarine arcas.
: " : Population includes only 48 slales.
‘ 119 nesling pairs « 1958 in National. Fores!s of Michigan,
A 188 nesting pairs 1979 Wisconsin, and Minnesota. -
American peregring faicon k 120-150 + - 1979 Breeds fram non-arclic Alaska. Reproduction impairment (Ihin eqg
Falco peregrinus anatum " 200 in caplvily - S south 1o Baja Callomia, o easien shells), primarity from peslicides (007
. N . Rocky Mounlains, Population includes and dieldrin) : food

only 48 stales.

¢ \
~Replocuction impziment (Ifn eg

Mclic peregrine faicon E 2.000-6.000 bfegﬁl"ngm'rs\ 1980s - Treeless tundra of arctic Alaska, jon | In
Falco pereguinus lundrius ' ‘ Canada, wesler Greenland . shels). primariy from pesticides (00T
. : \ : : and dieldrin) in food :

1971 © Texas coastal praiie Destruction of habilal

Adwaler's grealer pravie b
chicken | o o ~..
" Tympanuchus cupico attwateri ' : e , .
Red-cockaded woodpecker £ 3,000+10,000 1970 - Open, od pine_ woodlands hrom ' Reduction of habilal . -
" Dendiocapos borcals less than 1,000 ' 1979 southeastern Oklahome, Texas, S .
\ - weslem Kenluckyy SOuteasiem "y
. O Virginia 1o soulhern Floridar :
Repliles jAmphibians . . IR ‘ -
Houslon toad . ) E 1,000-1,500 1] Southeastern Texas Destruction of habilal, hybridization
& houslonensis ‘ . . ' ! ' 3 :
490 2; L{ ' ’ ) ' . s . ' - L ’ ..
o s ] - ‘ 4 | . . , /

T e
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3\
P
o ' v Estimaled - ‘
oPCies Slalus ~~ popualion Year Habrial - Causes for dechne, comments
Q.rwn Juttle 3 ‘ ‘
o Clhelonra my0as E lees than ;o 1978 Southgastem Florida coast. ' Commercial exploilation, beach
. 100 mature adults ,/ . Mexico (Threatencd worldwide.) development
Kemp's noley sea turtle- . 40,000 nesling_lerl‘]zai{zs 1947 Nesting habital: Rancho Nucvo, Fredalion, poaching
Lopuioinlys sempr ~500-1.000 nestinglemales 1979 Moxico; Padre Island Nationa!
" , Seashore, Texas =
Amenican algalor BT 52165 1970 North Caroling, Texas. Mississippl, Commercial explaitation, destruction of"
Albgalor DYsSISSIpIRNSIS 1 milion o Arkansas, southeasterr Calllornia .+ habiat prior to 1970; greal population
+soverd : : increase in 1970 '
“ thousand o
captvity ¢ ' '
Amenican 61ocodile ‘ t 1,000-2,000/ 1900 Southem, Florida -urbﬁmzalion destruction of habitat
{r0coayius qculus 100-400 1979 ‘ ‘ ‘
- A
\ ’ /"‘&‘
" Fishes '
Snai daiel £ 3,000 fale 19705 Qriginally in Litlle Tennessee River, . Loss of habital
Percima 1anis - Tennzssee; late 1970s, slocked in )
Hwassee River, Holslon River,
Tennesses
Plants . ,
Honerocals fhvd £ fess than 100° 1979 Apalachicola National Forest, Changes i land management,
. vandghsm, harves! by callectars
Kokid COOR .. - L 110 cultivation 1979 Formerly westein Molokar, Haveaian Deslru‘clion ol haitat; giazmg by
. " Islands callle, goals
© Anesslrocacius lobusch E less than 200° 1979 Sircam banks and loose gravel bars, Harvest by collectors, natural flooding
' cenral Texas ‘ (
- Echinocercus auenziel b less (han 200° 1979 Ceniral how Mexico highlands, Highway canstruction. fhatvest by
. - ' ' . collectors T
Selprocactus glaucus i 15,000 1979 Wastern Coloraco and eastem Utah Harves! by callectors. recreational use of
L ‘ nlaleaus high desert :
’ . ki
. ¥ Arclostaohylos hooac £ 1 1978 San Francisco Presidio Human lrampling. competition from
s6p. favent o nonnative SPecies
Stenogyne angushioha E less than 100* , 1979 Hawatian Istands Grazing; browsing; human trampling;.
var. angustifold ' N exolic weeds, plants
' l il R L . .
*Excludes Specimens in cullvation ,
E +— Endangered . ,;
T — Theatened o ¥
ending on location :

R P
99, .
(,A‘A\Jn..t ‘ o
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Sources and technical notes

81
Distribution of vertebrate species
and major subspecies, by region, 1970s

An qssessiment it the forest and rangeland
* s tuation m the United States, USDA Forest
Service (Washmglon USGRO, 1979 1ig. 4.1,
p 156 o |
It ludes 1esident and common migrant
verlebral species ang selected subsnecies
wihich are Istad by the Federal or a State
govérnient us endangered or Ihreatened,
ate judged sensiive to fand or waler manage-
ment practices, and are of commercial o1
rectoalionalmportance. a

trogians ane: those of Ihe USDA Forest
. S[il\,‘u‘t‘

Rl detls do not add 1o US, lotals
boeause duubily counhing of species and
major subspeces s been elmmnated.

82 »
Selected large mammal populations
on Bureay of Land Management lands,
© 1961-1975 "

Public Iahd statistics 1976, U 5. Depart .
ment of the Intenior (Washington. USGPO,
"1977), p 84, and previous annugl SSUEs.

The Buicau of Land Management manages

AR0 muihen acres, - -

\ Data for pronghorm anlelope do not include -

Alaskd )

83 :
Selected large mammal populations
in National Forests and National
Grasslands, 1960-1978

Annual wildife and fisheries repor! i978,
USDA Fores! Service (Washinglon: USGPO,
1979}, and previous annual ISSU'E'S,‘

Dala are imited to National Forests and
Grasslands and may therelore exclude sgnifi
canl populalions of Ihese Species. for exam-
ple, Ihe carou lound in the Arctic Wildiile
Reluge. , '

The Nalional Eores!s and Grasslands total.
187 miion acres. 4

84

! .
Animals removed or killed

by Federal predator control
activities, 19371978

1037-1970. Predator conlrol 1971,
Advisory Commilee on Predalor Coriol
(Washingtan: USGPO, 1972), p. &2,

1971-1977- US. Fish and Wildife Service,

' Animal Damage Control Dvision, unpubjshed

data.

Yoars are liscal years

Some hybrid anmals, lor example, red
walllsoyolz and red volldog, are inchuged

Foderal funding lor taking red wolves
ended In 1964; 1 ended lor the teber ol 1
1971, Both are now endangered, although o
the tmber woll, endangerment does ro!
nclude those in Alaska.

85

Bl species observed, 19681977

U, Fish and Wildife Service, Migratory |

Bird and Habilat Fesearch Labogatory, Breed:

ing Bird Survey, unpublished data

he Fish and Widife Senvice's annual
Breeding Bird Survey measures the numbe!

" and abundance of bid species. Norh -

America is divided into 62 ecological regions.
Al birds seen of heard within a quartermile
fadius during fity 3-minute stops spaced al
hall-mile intervals along randomly selected
24 -mile routes, of-which there are 2,300,

- are counled. One-degree blocks of fatlude
and longilude are used as a basis for roule ,

selection 10 ensure good geographic distribur
tion of the routes. Both starting point and
direction of travel for 110 16 routes within
each block are delermingd from a table of
random numbers. The survey is described in

+ “Ecological distribulion of breeding birds,”

Staven R. Pelerson, Proceedings of the
symposium on management of forest and
range habiats for norigame birds, May 6-9,
1975, Tucson, Ariz,, USDA Forest Service
{Washington, D.C., 1975), gen. tech. rep.
WO-1, pp. 22-38.

86 ‘
Selected bird species

- populations, 1966-1977 »

See 85.

15

[ 87

Most frequently observed breeding bird
species, 1977

See 85 o

Te hese sparrow and staring wee inlro-
duced to Norlh America.

848 .
Distribution of North American

810

" Duck hanvest, by flyway,

1952-1978

1052-1977-US. Fish and Wildie Service,
Olice of Migralory Bird Managemen!, memo-

« randum from Biologist, Walerfow! Harves!

Survey Seclion to Chiel, June 6,179,

1978: "Walerlow! harvest and hunter activ-
ty in the United Slates during the 1978 hunt:
ing season,” Samuel M. Camey et al, US.

breoging and wintering ducks, 137052 iy g wiife Senice, Ofice of Miralory

Waterfow! habital uewe Aspen
Parkland of Manitoka, Willam\H, Kiel, Jr.,
Arthur S. Hawking, Noland G. Perrel,
Canadian Wiile Sgtwice (Otlawa: Infor-
mation Canada, 1|97?), rep. serles 18, fig. 7,
p. 5. ' ‘

Reproduced by permission of tne Minister -
of Supply and Services Ganada.

B
Duck breeding populations
in Norlh America, 1955-1979

. The status of walerfow! and ol fight fore:

casts 1979, U Fish and Willite Service
and Canadian Wildi‘e Service (Laurel, Md,

" 1979), fig. 3.

Duck breewing populations are counted
Irom late Aprit until early Jure. .
Population includes mallards (Anas

" platyrhynchos). gadwalls (Anas strepera),

pintails {Anas aclua), green-winged teals
{Anas crecca), bluewinged leals (Anas
discors), American-wigeons (Anas
americana), northern shovelers (Anas
clypeata), redheads (Aythya americana). -

- canvasbacks (Aythya valisineria), SCaups

(Aythya affinis, Aytva maria). and olners;
excludes éiders, oldsquaws, scoters, and .,
mMergansers.

[}

LY

Bird Managemen!, administralive report,
June 21, 1979, table 1. .

l
+

The harves! year exlends from the fal ol
one y@ar thiough the following winter; for
example, 1952 beyjiris in autuma 1952 and
ends in winter 1953, ,

Data lor 1978 are estimated.

Dala include ducks bagged and unrelrieve:
kil o

Htvast data include miailaids (A788

" platyrhynchos), biack ducls (Anas ubripes)

" qadwalls (Anas streperc), pintas (Anas
acula), greenwinged teals (Anas £recca)

 blyewinged teals {Anas discors); wood ducks

(Air sponsa), American wigeons‘(Anas,ameri—

- cana), northem shovels's (Ane clyogata),

redheads (Aythya ame:icati3), CanvasHacks
(ythya valisineria),rinc; v cked duelis faythy
collaris), Scaups (Aythys Afinis, Ay s
manta), qoldeneyes (B weala clanguie,
Bucephala isiandica), v neads (Buuceseh
albeol), eders {Saimateri: mollssime,
Somaleria spectahils, Fo-ssticta stedk,
oldsquaws (Clangula hy:*: s, serters
(Melanitta nigra, Mekirt.. Jpstsndl - Melanit
perspiciflata), fuddy .. L
jamaicensts), mergans- A s
merganser, Mergus s <16, Lopaedies
cuculatus), and other i3,

The lotal includes 053w « e
ducks harvested annyally #
flyway.
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Brown pelican pp;..iations
and loxic residyles in egas,

1969-1976 Fa

Southern and Bajs Cablornia, 1969-1974, -

fledghngs and DOT resicues: “Brown
pelicans: Improved reproductiont off the
southern Calfornia coast;” Danigl W, Ander-
son el al, Scrence 190807 (1973), 1975 dala
“and PCB resicues: ' The status of brown
gblicans al Anacapa Island in 1975, Daniel -

W, Anderson el at, Calftornia Fish and Game
036 (1977,

South Carolina: “Effects of organochioring
residugs on eggshel thickness, reproduction,
and population status of brown pelicans I
South Caroina and Flarida, 1969-1976,"
Lawrence J, 81, Thair B, Lamont, and
Burkett S Necly,r, Pesticides Monitoring J.
12(4); 173, 162 (1979), tables 1,9,

Residues are the geomelric mean concen-
Yrafion in eggs, parts per millon fpid weighl
 Areas in southern Calilornia and norihwest
e Bajdgaliomia include Anacapa and
Santa Cruz isari!: and Isia Coronado Norle.
o Areas in South Carolina were Marsh Isiand
i the Caoe Roman Natonal Widile Refuge
and Deveaux Bank.

M2 ‘
Distribution of fish species and major
subspecies, by type of‘environment
and region; 1970s -+,

See 8,p. 186,

Regions are fhose of the USDA Forest

Service, -
Avguen species may b found i severa!
 envisonments, wich are Classilied as sug
gested in Claggiication of welands and deep
water habitals of the United States, L. M.

Oowardin, F. C. Golet, and E. T. LaRoe, Us. -

Fish and Wildife Service (Washington, DC.
1977), p. 100. o
Regonal detail do nol add to U.S, otals
. because double counling of species and
majcr subspacies nas been gliminated.

903

843
U5, and foreign fish catch
in U.S. waters, 1950-1979

1S, caleh: Fsheris of the Ui Sttes,

1979, National Oceanic and Almospheric
Administration, Natioal Maring Fisheries
Service (Washinglon, USGPO, 1980}, pp. 6. -
2, ‘

Foreign catch, 1969-1976; National Mavine
Fisheries Service, unpuolished dala. 1977.
Fisheries of the United-States, 1978 (Was '
inglon: USGPO, 1979}, p. 12 1078-1979:
Fisharies of the United States, 1979 (Wash
inglo USGPO, 1979), pp. 12,13, .

S, waters extend out 200 miles from the

coasl.
S, calch excludes weight of mollusk

shalls: 1970-1979 data are fish landings, not
4 calch.

844 L
US. and foreign calch ol selected
fish species in US, waters,

99T

onch bl 19601970 Natonal

Qceanic and Atmospheric Administration,
National Marine Fisheries Sevice, unpud- -
Jished data. o

Haddock, 1950-1955: The United 8 :s

‘marine fishery resource, John P. Wise, ed

“[Washington: USGPO, 1976), MARMAP -

contrb. 1. p. 98, 1956-1976: “Review and
assessment of Ihe Georges Bank and Gult of
Maine haddock fishery,” Steghen H. Clark
and Willam J. Overholiz (Weeds Hole, Mas:
Natiorl Ma: e Fisherieg Servic., 1980), lab.
rel. 7905, tavle 1, 1977-1979: "Georges’
Bank and Gull of Maine haddock assessment
update,” Stec"en H. Clark and Ronald .
Essig (Woods r0le, Mass. Nationa! Maring
Fisheries Service, 1980), lab. ref, %0-06. fable
1, Foreign, 1960-1976; Clark and Overnoltz
tabfc 1: 1977-1979: Clark and Essig, table 1.
Clams, lota, 1950-1965, and surl,
1950-105: National Mavine Fisheries
Senvice, unpublished dala, 1966-1972: A
romprehensive review of the commercial
clam industries in (he United States, National
Marine Fisheries Service (Washinglon:

te ]t Ste, 1876, NalonlMerne

: Fishries Service (Washington: USGPO,

1979) p. 2, and previous annual issues.

(Washinglon; USGPO, 1979).pp. 4.5.

USGRO, 1977}, .47, 1976-1978; Fisheries of

1979: National Marine Fisheries Service,
unpublished data.

Alaska pollock, 853-1070; Wise, p. 194
1974-1979: National Maring Fisheries
Service, ur.published data.

Atlantic herring, 1050-1970; Wise, p. 129.
1071-1972, domestic; Wise, p. 35¢.
1973-1078. domesic; Fisheries of 1he Unied
States, 1978 (Washington; USGPO, 1979), p.
1, and previous annual issues. 1971-1976,
foreign: National Marine Fisheries Service,
urpublished data. 1977-1878, foreign.
Fisheries of the United States, 1978
(Washinglo: USGPO, 1978), pp. vil 14
1979, domestic and loreign: Fisheries of the
United States, 1979 (Washington: USGPO,
1980 p. 8. | :

Pacilic perch, 1950-1872: Wise, op. 183,
350, 1972-1978; Fisheries of the Uniled
Stafes, 1978 (Washinglon: USGPO, 1975), .
1, and previous annual iSSues.

Management data by species are avallable -
as follows: Pacific halioul—42 Fed. Reg.
§762, 9298 {1977), 43 Fed. Reg. e
(1978 Haddock~—42 Fed. Req. 13998 {1971).
Clams—42 Fed. Reg, 60438 (1977), Mlaska
pollock—43 Fed. Rleg. 17242 (1976), Allantic
herring—43 Fed, Reg. 60474 (1978), Pacilic
perch—42 Fed. Reg. 8578, A762, 9208
(1977), 43 Fed. Reg, 17242 (1976), 44.Fed.
Reg. 66356 (1979).

845 »

‘Fstuarine habitat lost 1o dvedglng

and filling, 1950-1989

. National estuary studj, . I and
Widile Service [Washington: USGPO, 1970),
v, 2, appendix A, stall report.

Data nciude all water depths, except d
the Grea Lakes, where the water included

was b Igel o less.

§16 R |
Fish kills caused by pollution,

* 1961-1976

Eish kills caused by polution i 1976, EPA
Otfice of Water Planning and Standards

817 r
Extinct vertebrate specles :
and subspecies, 1760-1979

Threalened wiiife of the Uniud States,
US. Fish and Widlile Service (Washinglon:
USGPO, 1973), pp. 1-4.

-~ The “ocopa puplish (Qyprinadon

nevadensis caldag) and the Santa Barbara
sonq sparrow (Melospiza melodia graminer)
are belleved obe extnct and wilbe
remoted from the st of endangered and
Inreatened species. As of December 1979,
neither had been declared extinctand -

" removed officially.

The passenger pigeon was exfirpated from
ihe wid in the 18905, and the last known
specimen died in the Ciicinnati Zoo in 1914,

Dates reler 1o the last sighting, not to.an -

offiial announcement of extinction, A

species is oflen beliéved extinc! several

" decades before official declaration by the

US, Fish and Wildfe Service.

818 o
Threatened and endangered animal
specles In "2 Uniled Stales,

Decemb "

. US, Fisti .. Widite Service, Qffice of

Endangered Species, Endangered Species

Tech. Bull “11%12{1980).

For & spei, 4 10 e designated endangered
o hreatened, & quaified individual or grou”
lrst brings Ihe species 10 the atient .n of the
US ish and Wiile Service, which deler-
mines whether it is 1 fact threatened with
gxtingiicn,

* |f extinction is possible because of habilat
destruction or modification, overexploitation,
disease, o predation and i ts survival -
requires human assistance, il wil be desig
naleg endangered or (hreatened. Then a plan
to restore the populalion to sustainable levels
is prepared and Ihe remaining animals or
plants are protected and managed,

The official Federal it of endangered and
Iheatened species is periodically revised and
published in the Federal Register. -

Through cooperative agreemenls, States
are provided matchiag funds for conservation
of listed soecies. in additon, the U.S. Fish
and Widlfe Service has estabished fecovery
teams which prepare fecoyery. plans,

. (h“,"J‘f .
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8-19
Populatlon of selected tf\rontoned
and endangered species,'1941-1979

Key deer, 1940-1972, and whoopmg crane,
1972: Threatened wildlife of the United
States, U S. Fish and Wildlife Service (Wash-
ingtan: USGPO, 1973), p. 265.

Whooping ctane, 1941-late 1560s and
1976-1979, and California condor, 1979: U.S,
Fish and wildlife Service, Oftice of Endan-
gered Species, unpublished data.

Califorma condor, 1940s-late 1960s:
Predator control— 1971, AdvisQry Committee
on Predator Control (Washungto?\‘\USGPO
1972), p. 86.

Bald eagle, 1969-1579: ""Bald eacﬂe -osprey
survey report 1979, USDA Forest Service,
pprred 1979, unpublished.

Data for the bald eagle mclude nest_ing

'pairs in the National Forests of Michigan,

Wisconsin, and Minnésota.

8-20 )
Condition of selected threatened
and endangered species

Threatened: wildlife of the United States. .
U< Fish and Wildlife Service (Washington:
.20, 1973), pp. 7, 88, 102, 104, 124,127,
124, 133, 138,141, 162, 217, 220, 237 241
242, 243, 245, 247, 265. .
U.S. Fish and Wildlife Service, Office of
Endangered Species, Endangered Species

- Tech. Bull, Jan., Feb.. March, April, May

Oct.. Nov. 1979; Feb. 1980.

Predator control— 1971, Advisory
Committee on Predator Control (Washington:
USGPO, 1972), 0p. 86, 149, 154, 156.

U.S. Fish and Wildlife Service, Office ol
Endangered Spectes. unpublished data.

>

IO
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_Chapter 9

Energy

Plentiful, low-cost energy is one of the
foundations on which industrial socjety is
built. Use of this energy has reduced
physical labor, extended transportation to
almost all areas of the continent, and pro-
vided light, heat, cooling, and appliances
that make life comfortable.

The interaction of readily available
energy and advanced technology largely
determines the U.S. life style. It influences
thé constructions heating, and o0l 1,
homes and the size, style, and operation
of motor vehicles, motor homes, motor-
cycles, and snowmobiles. Until 1973, the
real price of domestically produced fuels
wasg declining, making it advantageous to
put more energy to work, to make and
{ransport goods, even to play.

The Uniied States uses a third of all the
energy used in the world in a given year,
more than any other country. lts per

capita use of energy is among the highest.

The environmental costs O this energy
use have been high. They include heaith
risks from air pollution and radicactive
contamination, disturbed land, lost wilder:
ness, destroyed wildlife, and polluted

_streams. .

" Historically. the Nction has had
abundant, cheap energy resources—
wood, coal, oil, and gas. As a conse:
quence, there has been little incentive to

~ use energy efficiently. But now, energy is

coming to be viewed as a resource to be
conserved and used wisely.

Wo)
O
(o3

»



Energy consumption by fuel type,
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. ‘Enargy consumption, by fuel type, T
1850-1478 ' . - o
' Quads, . o
0 » . ) Nuclear ene.rgy ’
\
' b 60 Hydrapower, geothermal
and olher
! 40
N A
J ‘
9, i
0_ L e T T e e . KL .
1950 S L1980 . 1970 1980
Between 1950 and 1973, energy . Since 1973, Ihe patlern has changed.
, ' . consumption ingreased at an average . En_ergy use declined in 1974 and 1975 in
US. consumplion of energy has increased annual rate of 35%. Pelroleumand ~~ response lo higher prices, the decline in «
. more than 30-old since 1830. In 1978, i natural.gas consumplion increased by economic activily, and changing pubic
was 78 quads. = - 4.3% and 53%, respectively. - alttudes, Since 1975, energy consurdptiony
- A quad equals one quaditlion Briish ' . has ‘again increased-but at VEIGS'SOHE\'_;‘;;\
thermal units (B1u). A Blu is the amount of ‘what lower than before. | ’
energy required to raise Ihe temperalure ‘ N ’ ' S ot
o'~ ~d of water 1°F at gr near ils " o 3 o 2

 pERI Caimum densily, 302°F.
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,‘Net trads 7 erergy reSOUrCes, Energy producticn, by fuel type,
1950-1978 1650-1976
Thv bulk of US: eneray stil comes from
| ) domestic sources. Over the years, the
nuads \ hasic fuet has moved from wood 10 0al 10
20, crur oil and then 10 natural gas. With
each change, the fuel became more eff
Y. ‘ .
| cient and bumed more cleanly.
15 ’
o v »
. o
//
’ ;
st : b
' : | Goal “ E
’\\\_T isde \ Nafural g2
.- . ) .
< Qi
- Q‘ L
-10 | .
15 1 ‘
_20 | 1 - A 4__)
1960 " 1970 1980

1950

-

The rcs! ramatic change in energy.
supply is the growing reliance on )'mpons.. " imports.
As late as 1952, the United Stales was
selsulficient in energy. By 1973; nearly

. 179% of il§ energy neads were mel il
imports, primarily of. Ofl impotts declined
i 1974 and 1975 but fose n 1977 10 hei

.

hinhn:{ Im'e|$l . ,

L3

1) Ne,trade is equal to e<ports mins
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Energy production, by fuel type,
1950-1978

Quads
8l

2071

1950

at an average rate of 28% per year—not
£1ough to meet the demand. Production

peaked in **72 and has sirce leveled off

10 between & and 62 quads per year.

From 1950 to 1972; proéuction increased

Hydropower, geothermal,
and other\

Naturat gas

1970

1960

“Two important changes in production
have taken place. First, the préduction and
use of coal to generate electricity has
increased rapidly since 1962° Second, the. .

~ amount of energy produced from hydro-|
power, nuclear, and geothermal resources
has more than trigled since 1950—from .

14 quads t0 6.0 quads— although they
. accounted for only 10% of the energy

‘ produced in 1978 ' 3 )

T

vl

1980
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Energy flow in the U.S. economy, 1975

PRODUCTION
Nuclear power 1.65

GROSS
CONSUMPTION

t
—__ Energy used
Hydropower 1 05/ ___for electricity
3.32

. - . ‘——
Energy lost in generation -
and transmission of electricity, T 11.25

11.25

18.04
— v_3..18

4.52

"Natural gas .
19.30 - !

——

Qil
and natuial . e
gas liquids : C Fuel consumed |
20.45 in end uses
) 51.05
Coal
15.55 256
— _\\
L1\
Net imporls EXPOTS
‘1233 215 }
- Net imports
0.90 . .

a

Energy from coal, oil, natur%gas, hydro-
power, and’nuclear power i either-used
to generale electricity or consumed .

* directly in vehicles, in buildings, and by
~industry. In the process, nearly tWice as

- .- <fuch energy islost as waste as is avail-

" able for useful heat and work. &l
L ,
i
. ¥ 87 -
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© END-USE CONSUMPT\oi/ :
. . - f—:waste .
- Household ard ‘ 5.37 -

L 4
. 7. 15,62

commercial
©16.16 .

Transportation
18.37.

A M

Industrial
-23.31

181
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Energy consumption, by sector, . ' :
1950-1978 -

R - -

Quads
80r

60f

Electrical utilities

40

20

v TtanSbbﬂstém -

-

1950 - 1960 ' 1970 -

The use of energy 10 generate electricity
has grown rapidly since 1950, when the 4

electric utility sector consuUmed less than ] . ‘ . :
any other sectcr. It now consumes the - ) _ . )
most. '
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_ Energy tonsumption, by end use,

1650-19/8
Quads -
80~
50

L
@]

e e

N
o

1950

5

When electricily is_allocated by end use,
1@ 78 guads of energy consumed in 1978
100k like this: households and commercial
establishments used 29 quads, industries
used 28, and transportation used 21.
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Residential heating, by fuel type, Residential heating, by fuel {ype
1940-1975 and county, 1970
v Coal and wood aimost diseppeared as
Percent of all he ssehe ds orimary fugls for home heating, whie the
. | B use of electricity has grown rapidly and

o : _ has become the dominant fuel in three
o Electricity - regions of the country.

|

90+ .

B8Ur

! Ay

7e

L
Utifity gas

60; |

50r

40r

30t

20t

10

R 1950 . 1960 1970 1980

Space heating is the single most important

use of energy in the home. In 1940, more

than three of four homes were heated vih

coal or wood. By 1975, gas was used in .

six of ten househoids. x ‘ K S . -

| L I £
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Per capita energy consumption
and gross domestic product

for four nations, 1961-1877

Vilmos 1Y .
West Gamany

United States e
Tredy COTSUTCIRN £87 C3TIE Engigy CORSUTIDCA L' Al
“’ (18 0¢ 0 eCuVEent:
7 o 17 :
_ EVE BN '.:‘ . :
3 0 7: ’ ' 7. 5 ‘L
J |
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| Fe 02
2t 0
i .
i ‘
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Gross demsshic product per capita (31.000 U.S) Gross domesiic product v cagita (31.000 US.)
How energy consumption in the United By this measure, the United States is a . Grose domestic product (GOP) .
Sates compares with that of other techino- - high energy consumer. In 1077, West Ger- measures a nation's domestic gconomic
logically agvanced countries may be many used more than 4 tons of of equiv activty. :
measured by the use of energy relative 10 alent per person and the United States -
- the gross domestic product per capia. " more than 8 fons o achieve &n economic
level of about $8,400 in goods and ser-
VICES per year. /
’ 1 r
'3ld ) ..i'.’wg-u J .
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Netherdands United Kingdom
Ereigy consumption per capita Energy consumption™per capila
(tons of ol equivaleng) {tons of ofl equivalent)
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Enerqy consumed by sector
for nine nations, 1972 | .
—---~-v~--—w~w-------‘—~---—-'~~‘&—A~;j”-—-_ e | " The United States and Canada use rela
T . B fively tore energy for transportation than -
United Slates T o other industrial counlries. The primary
: - ™ = g : : reason is thal Japan and the European,
) countris have fewer and smallr cars—
— ' , ) — ‘which use less uel and are driven fewer
Canada I ‘ ' | ‘ “ils. Athough the Uniled States uses
: relafively more energy for transportanon
S | . than the Netherlands, for example, the -
| France , : , , ; Netherlands uses relatively more than the
- g United States in the industril and tesndeﬁ
| -‘ * tial sectors.
West Gemany - . L P SRR
IS J “l ‘
1laly '
Netherlands .
United Kingdom
Sweden o o ‘ S e o
. \ ‘ /.... ;
Japan C | \ SR
/T \
A Voo
l L . [ i o \\ ' o ’
0 w0 w4 %0 80T T I
Percent consumed by sector - i ] - ‘ 1 S \‘
' : ' ! - !( | \ .
! P [
" Transporlahon Industrial Residential, commercial, ~ Losses in gencration ‘u »
. ‘ | and miscelangous - and transmission  + ' S
- .t of electricity ‘ ' |
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o
Energy supply systems
or fossi fuels

Resource * Exiraction lTrauspOrlallon* Processing % ‘Dislribution * Storage . l Conversion *Eleclric generalion" End uses

5

“Slot aven

Longwall ' Unit train o . ) ""Melallurgical uses- "
‘ r Beghive T ‘

| Room-pilar Tuck ~ Coke clean [ Mixed lrain IAbove ground

~ Conveyor \/ST%m cgan \/ Barge
Mine M Break‘-s)izy‘
| (under 15°) R
Strip

{over 159) ‘
Superlanker '8

.~ Generalion & Electrical uses

&
A g

(o
-

T Yansmission 5
Slo \ e Other uses e

Coal « Auger

>

Truck

L 3
¥

Strip’

Conveyor

_ Tanker . | ‘
(product imports)
Tanker

Refinery

. Onishore Barge PIOCess units Barge
- ) - I /— ————— P e o e e e e b s e
o [JHshdre " Pipsine_ ppine \ Somgernk /o, Geaind Elclrical uses
_ A Naforal  § \\' | .
Crude imports Tank truck average Tank truck | U . Space condlionng
. - relinery® & olher uses

Tank car | . Tank cat

. Onshore - - NGL . marucn ¥ Underground - Space confitioning
i i e o e e i

Galhermg Hyc: ,"“‘ _ \ 1 P & other uses
Nalu ] gas /. Olishore plpelme  sulice \ Pipeling /.. Gas holders y‘_ Ceneralon& - :
o “remol LG aike . o " Electical Uses

' ; ransmission
N, NG ek ‘ o

;! L Liquelaclion LNG truck Regasification
.‘h-\______n ' " ) . ! } l N . : "l_
The environment is affected al al steps of  Some |mpacts ae addmons btheen Energygrowth lshmned by emvinon- o |
energy development, from exploration; vironmen!—sulur dipxide and paruculales menlal and socloeconomlc effects aswel- = B
harvesting o+ mining, concentration, refin- released in the combustion of coal, spiled ~ ~ gs.by avallab|l|ty of resources. ' S
ing, conversion, transportation, slorage, - ol, and radiation from nuclear fission, for , !
and marketing t0 end use. . example, Each addiion may not Create ‘ |
- Shesson the er:»r"mefd, but cumuletve « . : : |
effecty maybe se. a5 oy q' A
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" Coal fields, 1970s

- ‘\;‘4" —
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Coal is the Nation's most abundant fbssil
fuel, making up 95% of fossil fuel re-
serves. Coal is also one of the most en-

- vironmentally damaging fuels, emitting fine
particulates, hydrocarbons, nitrogen and
sulfur oxides, and trace metals when it’
burns without control. :-

Anthracite is the hardest and has the
highest heat content of the coals. Reserves.
of bituminous coal are the most abundant.
Lignite and subbituminous coals are lowest
in sulfur- content. -

328

Type of coal

B Anthracite
B8 Bituminous .

Subt'uminous
Lic =

Coal reserves in the Eastaré generally
‘deeper than those in the West, where they-
can be surface mined. In the West, re-
clamation of disturbed land is mader Cif-

ficult by the shortage of water.
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;oal production, 1900-1378 : '

Miltion short tons
750

Total

z ’ . Surface

Underground  °

50r ‘ . J’*"M

1900 . . 1810 1920 - I.,a1930 1940 - °~ 1950 - 1960 1970 1980 .-
. W .

! 7

v

In 1977, coal production reached 665 ] ' ‘ . : -
mitlion tons, equal to the peak during i S o : :
‘World War Il. Production fel: in 1878 - . .

because of lower demand and an extenced ' ST

coal strike. Surface mining now accounts for i

almost two-thirds of all caal mined. In

1978, about three-fourths of all coal mined : : o . : :
was used to generate electricity. ' : . ) B

s
i

O
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946 C
- Land disturbed and reclaimed 017 |

by the coa! mining industry, Streams affected by acid mine

1630-1978, . drainage, 1970s

e =N ol-althe impacls.of miging.are o drect
S " g land disturbance. Acid mine drainage
g seriously pollutes streams, especial!y in
- Appalachia and the Ofio River basi,
Sullric acid and lron compgunds form
when waler and air react with sulfur
bearing minerals in mines of refuse pies.
Acidic water washed out ofminescan

Miliion acres

Used

20

An estimated 10,500 miles of streams
- Reclaimed WATIR S

©f them, about 5,700 miles, primrily in

Pennsyivania, Maryland, West Virgini,
Okiio, and Tennessee, are continally pok

* uted. Acidic waters destroy fish larvae
" and corrode piers, bridges, and indusirial

" equipment.

From 1930 o 1978, roughly 2 milion S

acres (an area two-tirds the size of Cor

necticut) were disturbed by coal.mining

" operations. About 65% of Ihis area has

been reciaimed by mine operalors—thal

i, il revegedation was completed. )
The Surfacé Mining Control and Rec-

lamezlon Act of 1977 requires the States '

10 set [ar reclamation standards in order '
" 1o sestore the fand o ts original contour -

- wherever praclical, o stahize erosion, 10

avoid disturbing the hydrological balance, - -

 and to resiore vegetation :

. alter the compostion of drainage systems.

have been affected by ackd mine drainage.

Streams alected
by acid mine
© grainage

" [T] Principal coa

teposits
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Coal mine deaths from accidents, | |
19061978 | | R e

Miners risk accidental injury and death
and such diseases as pneumogonies’s
(black lung), emphysema, and bronchits, Number of deaths .
which alfect thousands of workers, reduc- 3,500
ing their ife expectancy and soriously , \
disabling many. The numbey of deathsin | '
coal mining operations has declined sut %
stantaly snce: 1900, n 1978, the numt 3000
of recorded deaths was 10¢: campared i o
more than 3000 in 1907, Fe 21 miners, -
mare and betler safety precauons, and ’
improved equipment have brought aboul 2500+
thechange. o
~ There are no summary daia on cases of
biack lung disease resulling from years of :
axposure to mine conditions, But coal 2,000
mingr mortaity from influenza, em- |
- physem, asthma, tuberculoss, and ll |
other respiratory diseases (including biack 1. Toa
lung) is greater than expected. CLEL . 5

o

L

Underground

500 ¢

‘ Surface ' -
/ : ‘ '

. 0 . | i 1 L | 1 A L —d ‘
1900 1910 1920 1830 1940 1950 1960 1970 1980

by
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f

Natural gas and potroleum Ile!ds,

19705

] Nalural gas
and ﬁetroleum

liglds

More nalural gas and oll are consumed
than any other {uel, O accounts for
. foughly half of al eneygy used and natural
wwmwmwwwmmmmww‘
{0 transport and are generally relatfvely
" cleanburning fusls. ,
WMMWMWWM_
« primarlly in Texas, Oklahora, and Louk
mmmmmWMWmmmwm
* the.Allantic, Gulf, Pacific, and Alaskan
coasts. In1977, about 10% of il produo
non wag in the outer contingntal shelf,
 |n 1977, 25 milion acres in the outer
. continental shel were offered for Ieasung
Of that, o companies have leased 1.1.
million acres. 4n a lease sele, the Federal:
Government sell inlo privatg ownership
the right o explore;. develop, and produce
oil and gas. The buyer then explores for oil
and gas. I any is found, the buyer pays a
royalty based on tHe amount produced.

¢
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)-20
Natura: zizs 27 ol production,
1950-157%
) / . -
Billion cut o =el per year . . )
25.000r ~ .
Natural gas ’
20,0007 -
‘1 5.000¢+ °
i
10,000} )
s.ooo;»-
n l,____s. - L n s .
1950 1960 1970 1980 -
Ml“loh- barrels per year ‘ \
4.000¢ ‘ : ‘ , ' _ :
Crude ol “ /\—\;;/Wf—’—”’”"‘ T D T
3.000 o ’/ ' . _ . '
. //’/ . - - - ) ‘
2.000
B Natural gas production reached a high
point in 1973 at 21,730 biliion cubic feet.
: oool 1n.1990, about 5% of domestic production
' ’ ~will come from Alaska. In 1976, domestic
production was 40% of the world total.
Production of oil peaked at 3.5 billion
O
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ural gas facilities,

%

.a

T e
©
-

‘ Type of faciity
+ LNG slerage and

liguefaction facilty

‘ Import/receiving
terminal

o
-

ERIC
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L.

ina supercooled stale, natura| gas .7
becomes a fiquid. ks volume is reduced by
a factor of 600, and it can be transported
in spicially deaigned lankers: Four liquer -
fied natural gas (LNG) receiving terminals
are localed in Massachusetts, Rhode .

“ slend, Maryland, and Georgia, From ther,
“the imported gas is transported 1o slorage ‘

and regasuflcauon facilities. .

The main coricern with' LNG is salety If.
a ta_nk containing LNG were lo rupture, -
the LNG would vaporize quickly, posing a .
threat of explosion or f ire. The only major

PO IS



9.22 .
Nuclear tusl cycle

| oSl
e Reac!tor | ] .
N

4 N

interim storage

Fuel fabncation
5 b

. . - U -
i T _ Putonum Spent fuel reprocessing \ -
e ST S/ \ l
Enrnichment 2o /' ‘\ ’
X . - ‘ High-level waste ) '
i . Uranum - | or spent fuel / N
' s e T
3 : 1 //
oA fl:g]—-~ ! / " Nuclear power was first used commer-
UF , conversion : / - cially in 1957, when a nuclear power plant
\ 4 i / . in Shippingport, Pennsylvania, began to
’ l ' / produce electricity. Nuclear power is
! | / based on the flssuonmg or splitting of the
. l : ‘1, / nuc. . of plutonium or uranium-235 into
. ‘ Geologic dispo - lighter elements, refeasing energy in.the
ES. process. In a fission nuclear reactor, a

Milling . : - chain reaction is controlied to produce
Tieat. This heat then produces Steam at
é - high pressure, which drives a steam tur-
v e T bine, turning an electric generator
Explora: on M'”'”g A major environmental problem asso-
’ ciated with nuclear power generation is
the release of radiation which may occur
' at all stages of the fuel cycle. Release
Front end o Pack end- - may occur through mishandiing of

materials, accidents, or sabotage. Another
e P CYCle. todaY _ problem is wasi€, @eat emitted into water-
wspe o e e PYOSPECLiVE "‘closeo’" fuel cycle - . ways and thé ‘alimosphere. Waste heat oc-
e . curs because power plants use only a

O

ERIC
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9.23 .
Nuclear reactors built,

- .

being built or pianned, . ) 924
September 1973-December 1979 , ’ Nuclear reactors, December 1978
! ' : A Twenty years ago, only 2 nuclear power
Number of reactors . i . S s ", reactors were in operation. in 1970, there .
250 ; N .were 16, aind at the end of 1979, there
’ / were 70.
540 *\\/i
230 N '
i v
220+ o , . (. ; .
210t § g
!/ A
/{ N
/! Kl
200 '
190} ' ' ‘ . : : g
f { : ' v . | / o
0 1 L : L 1 ) 1 It - N o " " " L. 1 N A . ‘)
Jan. Jan. Jan, - Jan Jan. _ Jan, " ~Jan. L .
1974 1975 -~ 1976 1977 1978 1979 ' 1980} R S ’
o N - . \ ' ’ '
In mid-1975, 244 nuclear reactors had "
been built, were being built, or were planned.
By the end of.1979, the number had drop-
ped to 188. The 56 cancellations were the
result of reduced estimated demand for _ .
electric power, financial problems, or safety o i . : : L
-+ goncerns. - : : ' N U ‘

198 ' ‘ . " ] ‘ ) _‘;‘l’;"‘b

3.
¢
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. SIS o ) . _® Inoperation
U\f /rr,/ ' (’ : ) “ @ Under constuction
T P
Lo

» . Application under
) " review

N Map excludes 4 nuclear
s . ) L reactors ordered and

¢+ 2 publicly announced:
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925 .
Nuclear power generation, 19571978

Eiecinicily gangration (bl on rilosatt Hours)

300} ‘ ) ' .

n

[€2]

o
s

20071

150+t

100+

. ..“W--.-——-/

1950 1960 - 1970 1980

-

Nuclear power reactors now produce

more than 255 billicn kilowatt hours of N
electricity each year—about 11.4% of the

total generated in 1978. -

O
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26 )
ow level radioactive wastes
lisposed of, 1962-1979

Vastes are generated al al Stages in the
uclear cycle. Lowlevel wastes are the
aiings trom uranium mining-and miling
nd the materiars and equipment used in
he nuclear fuel industry. High-evel wastes
re Crealed in reprocessing spent fugl—
he fuet that remains affer the usef!
nergy has been obtained from the u-
lear chain reaction. Because nuclear
vasles may be radioactive for hundreds or
housands of years, pemanient disposal

equires their isolation from the biosphere -

or a feast that long.

Lowleve! nuclear wastes are generally
huried in meta or concrete containers at
desiqnated commercial or Federal siles.

Roughy =a of tha commercial lowgvel '

wastes result from generation of nuclear
power, the other half come from diagnosis
and treaiment of diseases and from other
activities that use radioactive materials. As
of 1979, 2.2 milion cubic meters (7.7
milion cubic fee) of low-evel wastes had
been buried in the United States; three-
fourths at Federal sfes, In addtion, about
140 million tons of uranium mill tailings
had been stored at the miling ste.

[}

Miion ¢*bic meters buried
(cumylative volume)

2.4

2.2t

2.0¢

0.6:

0.6t

0.2

0.4r

-0

I-W Al Federal disposal Siles
27| (annul data not avaiable
<] for 1962-1976)

™ A commercial dposal sites

“Wﬁmmmmﬂﬂﬂﬂ

Wi

1037 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1913

1974 19

75 1976 1977 1978 1979

2N



g27
Radioatctive waste disposal sites,
1979

A single 1.000-megawalt huciear power
plant generates about 25 tons of radio-
actve spent fuel per year. 2 high-level
i waste that must be disposed-of per-
manently or stored for possidie reprocess:
/ ing later. No commercial reprocessing
¢ plants are now in operation, and spent fuel
is stored at nuclear power plants.

I'o date, most high-level westes have
come irom the production of nuclear
weapons. These wastes -~ xd some from
nuclear power reprocessing—a total of
269.000 cubic meters (8.5 milion cubic
feet)—are stored in ste. | tanis at four
temporary locations. Tre most discussed
method of permanent disposal is in deep
geological formations such as rock £al
deposits, in shale, in crystalline formations
such as volcanic rock, and in metamor-
phic rock.

Low-level wastes are disposed of by

R S i © T Weldo
* Be L

N T Rl o]
N Buquergue® | ®Amarite
‘ |

<t allow burial at 22 sites. As of December
1979, 5 were closed to new shipments. L N,

Type of wasle

s High level
® Low level
5 . | . ) ) ’ "
345 , :
<
346
202 . " ' ‘ - - .

O
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Praduction of hydropower, 19501978

In"addition to nuclear power and fassi
N
+ fuels, there are many other sources of

energy. They depend directly or indirectly

on the sun. Sofar sources include hydro-

' power. geotherrnal, direct soiar, biomass,

“wind, and photovehaic cells. 4

Many of these new energy technologies
are loo new for trends to be clear, but in-

- terest is high and activity s accelerating
The United States now preduces 280

billion kilowatt hours of energy from hydro-

power annually, Aimost all of it is trans-
formed into eleciricity. .

Although generation of hydropower has

- grown by about 4% each year for 28
years, it now supplies a decreasing per-
" cenlage of to'al electricity. In 1950 it wa
'29.24%, and in 1978 it was 12.7%. The
* drop in 1977 resulted from a severe
drought in the Pacific Morthwest.
Hydropower.is primarily a regional
source of electricity. Most of the better

" expected from operation of many small
- scale sites, particularly in the Norlheast,

flict with other land and water usus.

-

ERIC

Aruitoxt provided by Eic:

"

S

" sites have been dgveloped, but growth is

Additional large-scale facilities would con-

L4 3 IE'W

~200}

oo <
Billion kilowallt héﬁs
350 ¢

|

250

150

100

507

" 1960

1970

1980



. 9_29 ) ‘ ’ - . - . . - .. - —_
Geothermal rascurces, 1970s :

‘ .- T v

Geothermal resource areas -~
Known of potentia! area

SN0 T withtemperatures
. N of more than 150°C
’ Potentia! area
with temperatures ot
. of more than 90°C
v [T Potential area with -
. : : : low or moderate
L ' ' : ' ’ - ' temperatures
Geothermal resources consist of hot dry o A .
rock, steam, of hot water reservoirs trap- o e : o )
ped hundreds or thousands of feet . T o ’ .
beneath the surface of the earth. These ' NN
resources are used primarily to generate °
electricity. Most aréas of possible geother- -
mal resource development are in the
western and Rocky Mountain States. . QA (_-_3 ; :
h ) _ :

O

ERIC
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Production of electricity "

from geothermal resources: . . s
1970-1978 _ : o

s

Billion kilowatt hours .
4 _ _ -

1950 ' 1960, o 1970 " 1980

The only producing geothermal facility is
the Geysers in northern California. Output . : N

. declined in 1977 and 1978 because of - o0
“maintenance problems, but until then, the : :

" Geysers had proYided as much a5 0.18%
of the domestic production of elecftricity.

v

N
44
<

O
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9-31
Solar collectors manufaclured -
1974-1979 N . . : .

Sourcas and technical notes

Million square feet manulactured
i5r ‘
14 3
13+ , .
12¢ - Medium temperature,
Tt special, and other

<o
+

[ECT A TN o> B Ve o]
T r—— .

1970 1971 1972 1973 1974 1975 1978 1977 1978 1979 1980

~ The manufdcture of low-temperature solar
collectors, used primarily to heat swim:
ming pooks, has increased more: than
- 7-fold in 5 years; the manufacture of
medium-temperature collectors, used for .
space and domestic water heating, in- i ;
creased 40-4old al the same time. e

208 £X

O

ERIC
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 Energy consumption. by |uel lype,

1850-1978

1850-1940, all fuel.types, and 1950 fuel-
wood only: Energy perspectives, U.S. Deparl-
ment of the interior (Washlngton USGPU
1975), p. 3¢.

' 1950-1978, excepl wood da!a Annsal -

f report to Congress, 1978, U.S. Department of -
Energy, Energy information Administration
(Washington: USGPO, 1979), v. Two Dala, .+
. DOEEIAD17312,p.7. ’ : o

~ These hgures are estlmales of the amount
of energy used in homes, commercial estab-
i:shmenls transponatlon systems. andi m .
dustry. -

Forms ct energy not marketed directly are -
nof included {for example, energy derived

. from draft animals and water whee}s in the
191h century).

* The energy derived by the pulp and pape
mdustry from lts own wasle products fs not
included.

Energy derived from all torms ot bromass
_anid not includes in the 1978 total rangeS' ‘
. from1.3t0 1.8quads, -~ _.

_' In addition, many other forms of energ
make up & very small portion of the total

. Direct soar, currently’ estimated at1/200 o
1% of all energy.consumed, wmdmllls nd

+ photovoltaic cells. -

For 1950~1978, coal |ncludes bnumlnous
lignite, and anthracne Natural gas ‘excludes
natural gas pIant liquids. Ol includes natural :
_ gas lquids and crude ol burned as fuel. -
Hydropower includes electric utility and in
dustrial generation of hydropower and net
electricity imports. Geothermal and other in-
* clude wood, refuse, and other biomass tuels i
used-io generate glectricity. -

Data for ]978 are prehmlnary.

;-

92
Energy consumplion by |ual t/pe,
1950-1978 ;

Annual report to Qongress, 1978 u S
Department of Energy, Energy Information
Administration (Washington” USGPO, 1979),
v. Two: Dala;DOE/EIA-017312, p 7

Data for 1978 are prehmmary .




1S

33 : | / '
Net trade In energyresources, -
1950-1978 '

See 92,p. 11,

\ "

Total includes coke and electricity
generated from coal, for which net trade was
~10.31 quads in 1978.

Oilincludes crude oit and fefined pelro:
feum products mcluding unfinished oils and
natural gas plart houids,

Data for 1978 are prefiminary. -

94 o

Eriergy production, by fuel type,
1850-7978 : "\

1850-1940. Historical statistics of the
United States, colonial fimes to 1970, V.S,
Bureau of the Census (Washington: USGPO
1475), gp. 587-588.  * i

,1950-1978: See 92, 0. &,

foal, 1850-1940, includes bituminous and
Pennaylvama anthracite; 19501978, include *
Bitumingus, lignite, and anthracite. -
« Wood data are for consumplion ot pro-

dugtion.

gas plant liuids.
0il. 19501978, ingludes crude ol |Pd56
condensate, and natural gas liquids.
* Geothermal includes wood, refuse, and
other biomass fuels used to generate elec-
oy,
* Data for 1978 are preiminary.

95
" Energy production, by iuel type
1850-1978

S0 0205

Other ncludes wood, refuse, and other
biomass fuels used 1o generate electricily.

/

Natural gas, 1950-1978, exclude nalu’fal'

Y

Energy flow in the U.S. economy, 19;5

"Annual US, energy use drops again,”

~ U.S. Bureau of Mines, news release, April 5,

1976, adapted from Man, energy, sociely,.
Earl Cook (San Francisco: W. H. Freeman &
Company, 1976), p. 313, L

Food energy is excluded.
Hydropower is compu(ed a5 100% effi-

- gienl,

Changes in inventories, invariably relatively

-small, are included in nel imports or exports.

Industrial consumption includes nonfuel
uses of energy resources fasphall, petro-
¢hemicais).

Efficiency figures used to disaggregate
useful heat-and work from waste are very
rough estimates of firstfaw efficiency: House-
hold/ commercial, 72°%; trénsportation, 15%;

- industrial, 40%. Electric generation elficiency

averages abour 38% when hydropower is in-

cludad.
/

§7

 Energy.consumption, by sector, 1950-1978
_ See 9-2,p1 9.

Data for 1978 are preliminary.
08 ' .
Energy consumptidn, by end use, -
1950-1978 ’

Se82p9

Energy consumption is.allocaled in propor-
tion 1o sales by privalely owned Class A and

B electric utilities, which accounted for 78%

- of the markel in 1977,

Miscellaneous includes coal used tu run

‘mine machinery, coal sales o ming employ-
ees, and changes in mine inventories of coal.

Data for 1978 are preliminary,

59 ‘
Residential heating, by fuel type,
1940-1975 '

. Residential energy uses, U.S. Bureau o ‘
the Census (Washington: USGPO, 1978), cur-
rent heusing reports, series H-123-77.

910

i

Residential heating, by iuel type ,
and county, 1970 .

See 949,

N
~ Per capita energy consumtion

and gross domestic product
for four nations, 19611877

Energy consumption, 1961: Energy
balances of OECD couniries, 1974/1976,
0r.s=mzation for Economic Cooperation and
Develapmant, International znergy Agency
(Paris, 1978), p. 26

1962-1977: Energy balances of OECD
countriss, 1975/77 {Paris, 1379), p. 88.

Gross domestic product 7nd population,
196+: Natjonal accounts of OECD countrigs,
1976 (Paris, 1976), v. 1. 1962-1977: National
aceounts of OECD countrigs, 1952-1977

(Paris, 1979),v. 1, pp. 133, 146,

One metric ton of ¢rude ofl equals 43
million Btu.

(ross domestic product exdudes income
originating OVErseas. < .

GDP is computed here using market ex-

- change rales,

M2
Energy consumed by sector
for nine nations, 1972

How industrial socielies use energy—a
comparative analysis, Joel Darmstadier, Joy

~ Coal flelds, 19705

)

Dunkerley and Jack Aterman (Baltimere: The |

* Johns Hopkins University Press, 1977), p.187.

Published for Resources for the Future.

- 913

Energy supp!y systems for tossul fuels
MERES and the evaluation ol energy alter-

" patives, Council on Environmental Cuallty -

(Washington: USGPO, 1975). p. & adapled
from The reference energy system and
associaled data base, Murray D. Goldberg
(Uplon, M.Y.. Brookhaven National Labora:

* fory, 1974), BNL 19263

914

Coal resources of the United States,
January 1, 1974, Paul Averilt, U.S. Geological
Survéy (Washington: USGPO, 1975), bullenn

g 12,0, 5.

915 B
Coal production, 1900 1978

1900-1913: Coal mining fatales in the
United States, 1870-1914, with statistics of

coal production, labor and mining methods by

States and calendar years, U.S. Bureau of
Mines (Washington, D.C., 1916), p. 10,

- 19141986; Bituminous Coal Uperalors, un-
published datc. Pennsylvania Department of
the Envirannient, urpublished data.

1967-197¢ Injury experiance in coal min
ing, 1978, U 4. Department of Labor, Mme
Satety and Health Adiiinistration
{Washington: USGRO, 1480), inforfetional
rep. 1112, 1able 2, p. 13. and previous annual
issues..

" Surface, 1967-1978, includes strip *ivsing,
augering, culm banks, and dredg ng.
916
Land disturbed and reclaimed
. by the coal mining industry,
1930-1978 '

1930-1978; US. Bureau of Mines, unpub
hshed gata.

Dala are for b|lum|n0us subbnummous
and lignite coal only.

Land ¢'sturbed includes thal used in sur-
“face and underground mining and for coal~

. Cleaning plant wastes. :

. Reclamation ddta include land rec1a|med
by the industry, nol lhfough State and pnvale
~efforts.”

operatars are generally required 1o reveg:
glale dsturbed land- i

Acreage includes only initial reclamahon.
. Data for 1978 are preliminary. -

Although State requnements differ, mine

-
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Streams affected by acid mine
drainage, 1970s

- Waler allas of the Unided Slates, Water In-
lormation Canter, Inc. (Port Washinglon; NY,
1973}, plate 57. .

918
Caal mine deaths from accidents, -
11906-1978 - ' .

Injury experience In coal mining. 1‘978,
.. Depariment of Labor, Mine Safety and .

Health Adminislration (Washinglon: USGPO, -

i980), informational rep. 1112, table 2,p. 13,
. ‘and previous annual issues.

From 1901 to 1978, 110,939 deaths
resulied from mining acvidents.

Dala for 1906- 1909 include only States
wilh complele records of fatal mjuries. They

represent 98%-99% of the tolal coal produc-

tion, 1910-1978 data include the enlire coal
ndustry.

Usiderground includes falalities {rom roof
and face alls, haulage equipment, Gas and
dust explosions, explosives, e’lecllicily'
machinery, pressure bumps &nd bursjs, and
inrushes of water or maleria).

Surlace includes fatalities/at all other work
Incations, including underground mines’ sur-

(1@ works. Slrip mines, C4im banks, dredges.

and mechanicalcleaning planis. Beginning in
ities /N duger mines.

949 /
" Natwral gas and oilfields,
1970s (

Energy ‘perspecm{es 2,US. Department of
the Interior (Washinglon: LUSGPO, 1976, p.
% ‘

v Final environmental statement, proposed
five-year OCS o and gas lease sake schedui
March 1980-February 1965, US Department
of the ! ior, Bureau of Land Management
(Washir,.on: USGPO, 1980}, pp. 40-41.

920
_ Natural gas and oil production,
1950-1978

See 92,p.5.

fala exclude natural gas fauids.
Pyt il data include lease condgnsate.

ERIC
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921
Liquitied natural gas
facilities, 1980

"LNG facilties located in the United
Slales,” U.S. Department of Transporlation,
Office of Operations and Enforcement *
(February 1980). :

92 .
The nuclear fuel cycle

~ Based on Annual report o Cengress, 1977, '
U.S. Department of Energy, Energy informa-

lion Administration (Washinglon’ USGPO,
1978), v. Two, Executive summary, projec:
tions of enerqy supply and demand and their

impacts, DOE/EIA-0036/2, p. 192,

923

Nuclear reactors bullt, being built,
o planned, September 1973-
December 1979

Program summary feport US. Nuclear
Regulalory Commission (Springfield, Va.
National Technical Information Service,

1980), v. 4, 1. 1, P- {-4, and previous monlhly

iSSues.

g.24

Nuclear reactors, December 1979
Program surmary report US. Nuclear

Regulatory Commission (Bpringlield, Va..

National Techrical Informalion Service,

1980), v. 4,n. 1, p. 1-4.

9% .
Nuclear posier generation, 1957-1979

1057-1978: See 92, p. 135.

©1979: Monthly Energy Review, February

1980, p. 72 |
Data inclue electric uliity plans only.

"They cover all plants, inclucng those n

operation and those that have been shut
dowin, Most of the lalter wera lest 07 prolo

. toe unils.

9.26
Low;level radioactive wastes
disposed of, 1862-1979

- Commercial, 1962-1978: "Invenlory
(1662-1978) and projections (1 2000 of
shallow fand burial of radioactive v 3sles al
commercial stes: An updae,” i F
Holcomb, Nuclear Safety 21:380 (May-June
1980). 1979: "Inventory of shallow land
disposal of radioactive wasles al commerciai
siles (1962-1979): An update,” W. F.
Bolcomb, U.S, Environmental Prolection

“Agency (Drafl, 1980), technical note EPA-

ORPITAD S0, lable 2, p. 5
Eederal, 1976-1979: L4, Depariment of
Energy, unpublished data.

Itis estimated that by 1985 Inere will have
been 1.5-2.7 million cubic meters of lowlevel
wastes generaled in the United Slates.

0.2 o
adioactive waste disposal sites, 1979 .

Report o the President by the Interagency
Review Group on Nuciear Waste Manage:

ment, U.S. Depariment of Energy (Springlield,

Va.: National Technical Information Service,

~1976), tacles 9, 10. 15, pp. 012, 014, D-18.

High-evel wasles include spent fusl (an

‘eslimated 2,300 metric tons of heavy melal

stored lemporariy al nuclear power plants.

I js estimated that by 1985 there willbe

256,000 cubic meters of highlevel wasles in

. the Uniled States, a decrease of 11,000 -

cubic melers sincé 1977 as a resull of the
nrgcessing of the wasles te reduce their lig,
uid contenl. :

A of December 31,1979, closed sites in-
cluded: National Lead Co. of Ohio, Niagara
Fals, N.Y.; Nuciear Engineering Co., Maxey

Flats, Ky. and Sheffield, 11 Nuclear Fuel Ser-

vices, Inc., Wes! Valley, N.Y., and Weidon
Springs, St Charles Gounty, Mo.
There are (wo disposal sites in Hanford,

Wash., one for Department of Energy high-

level and lowdevel wasles, the other for com:
mercialdow-level wastes.

4

426

Production of hydropower, 1950-1978

See 92,p.5.
929 |
Geothermal resources, 1970s

“Geothermal energy and our environ-
ment,” U.8. Department of Energv (Washing:

"1on, DC., 1980}, DOE/EV-0086.

9:30

Production of electricity

from geothermal resources,
19701978

-~ See92,p. 149, ‘:

83
Solar collectars manufactured, -
1974-1979

Solar collector manufacturing activity, July
1976 through December 1979, U.S, Depart: -
ment of Energy (Weshinglon: {JSGPO, 1580)
fatle 1,p. 2- T
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Chapter ')

Water
Re-sources

Social and industrial development has
generally followed water sources, particu-
larly rivers, natural harbors, and large

" lakes. Often the flow of water was altered

in some way to meet a need, but technol-
ogy was limited and so was SUCCeSs With
advanced technology, it is possible to irri-
gate millions of acres of northern plains
and western lands with water diverted
from the rivers of one region to the dry
dreas of another. Extensive water supplies
are drawn from ground water slorage,
river flow is controlled by dams and locks,
weather,is modified 1o create local precipi-
\ation, and water is desalinated.

A problem with “vater is that there is
often too much or tao little ‘of it. During
extended droughts, there is usually no
alternative 1o reducing use until the supply
is recharged. But in the long run, the em-
phasis has been on securing more water.

As waler demands for irrigation, in-
dustry, energy, and public sugplies in-
crease, competition develocps amang the
users. One of the most.intense conflicls is
between offsiream uses for economic and
social growth and instream uses for fish,
wildlife, and recreation. The growth of
ihese conflicts is not surprising, for water
is the most important of all renewable
resources. All life depends on 1.

209
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‘he hydrologic cycle
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ater moves in an endless cycle of pre-
"cipitation and evaporation. Precipitation _
takes ihe form of rain, snow, sleet, and
hajl. it evaporates is transplred through'
plants; seeps into the ground, runs into
lakes or impoundments, or flows into
rivers and streams and then to the sea.
About 30% runs inta surface waters,

O
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(d/er L) slreams

. Ground waler N

waters that largely suppiy human needs.
These waters are then fed back into

- streams and lakes, or are returned to the
atmosphere by evaporation.

In the end, nothing is lost, although i
may take a single molecule of water days,
weeks, years, or mlllerua to completé the

. cycle.
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Water resource mglons, 1975

). ‘\‘

Uptﬁer
CO’p{ado

Lower
( Colorago

Hawan
Alaska

Carnbbean .

The 3 million miles of rivers and streams,
78.267 square miles of inland water (smail
lakes. reservnirs, and ponds of 40 or more
acres), and 60,878 square miles of the
Great Lakes are grouped into 21 regions ) ~ C -
by the Water Resources Council. Each
contains a major river bas or a series of
small*rivers and basins. -
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‘Au‘rage‘annual precipitation, . o ‘ . . :
10511980 | | ‘ b o

Alhough precivtation averages 30 inchies
per year, it Is very ungvenly distriidted.
‘The area gast of the Mississippi Rivers
raceives the most. It averages 44 inches .
per year, the Great,Plaing averages 28
- inches, ang the area west of the Rockies -
. averages only 18 inches per year.
These figures obscure fhe wide range’
+ . that,exists. There are areas in the Great
Basin and the Lower Coiorado regions that
. receive less fhan 4 inches per.year, and
.. ¥t some o the Pacific Northwest receives
200 inches per year, M. Waialeak,
‘Hawai, has the world record of 460
inches per year. Just 13 mlles to the
‘southwes!, annual raifals tess than 30
“inches. The workd average-ls 3 mches

Precipiatin ' .
i

5 L N O

T
L [ |

Eacolilon vanes [:]30-4_& '

g 301 210 mches ; o I 40-60 \‘ , q

'. 5 o v . "'-h:‘r\
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Available ground water, 1975 , :
‘ ' : The volumes of water in the porous ayers
. | ‘ p ‘of underground rock are known &s aqui
j > , 4’ HEE * fers. Mush of this ground water i potable. ~
' ' " Most of it accurnulated over geclogic ume,

aric because of fs focation, it cAMRgL be
+ recharged once i s depleted. Somes
renewed by percolation of rain or
sowmall. © S
In the aggregfe, iere are between
33,000 tiion and 59,000 ilion galons o
ground water within a half i o land Sur-
face. Somie. 16,000 trilion gallons afe avai-
able for extraction, but only about 40
tiion gallons are availabie on & refiew:
< able bask. '
.The largest volumes of ground waler * *
are in the Southeas! and Midwes!, arezs
' -+ with extensive surface waters.

. [0 Avalabile ground water cant e £
;- lracked. Toi ground wter refers o a
- largervolume, thal which tecielcly e
ists but cannot be exlracted because of

S0 e elracton costs, environr .ol considerd
.. tons: current technology, or géologic o

e, mations. .

Tellan gallons of avaltie :

© ground wahhin S1raG?

] Lessthan 15 C C
a S - . o E‘:] 1574 . : {
. . o i B

2 More than 374

1
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Ground water withdrawai, 1975

L] .
. I
AR -

Percent of total resh water
withgrawals lram ground water

[]er00

- [ o0
] 460
[Faaw

. [_:] 200r'tess '

Ground waler is @ major source oi fresh
water for. much of the country” Roughly
hall the population now depends on,
ground water for & stic use, which in-
clyas drinking water. -
Some areas of the West and the High
Piaing rely on ground. water for 60% or
more of their fresh water. *
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roun water overdratt, 1975
Qverdratt of ground water occurs when
' water is withdrawn fror - ources that can- -
ot be ranewed or s wilhdrawn more
Guickly t-an tey czn be recharged.
O the 106 Water Resources Councl
subregions, the overdraftin € 1 con-
sider2d critical—that is, more than 500
raillion gallons of water are windrawn per
day; and in 30, ground water overdral i
’ moderate—21 1o 500 milion galions per
. day. Ground water overdraft i & serous
orabiem in the High Plains from Nebraska
10 Texas and in parts of Avizena 2nd -

Calfornia. .
‘n
] .
]
]
- )
\ ‘
. . 1, APk \
o N/f‘-"*" ' v“\’\,?m _ C i LD it g /
- L KN : a1 s g 0y ‘ b o
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Average streamilow of large rivers,
1941-1970 (

-

- e
. o
~ L

. Avergge fiow
» ' w1 Qubic e
per second

20900
50900
1000
2600
i 50000

Vo hat does not infitrate soil and rock
and 15 ot re‘ained n surface resenvaits,
lakes ot Underground reserveirs becomes
streamilew. Seventy-five percent of the
flow that reaches an ocean Cf Ctsses
US. brundaries is Celiverad Dy 11 ivers

"1 river Systems,

The Micsinsippi i3 hy far the larges!,
Aimost 65050 cubic feet of water pass
2ut of the Mississippi River into the Gult of
Mexico each second, an ameunt that is
aqual to 419 blion gallans per day. The
K ssissiopi receives the flow of seven
otner lerge fivers. the linois, Missour,
Ohio, Teanessee, White, Arkansas, and
Red, and in %@ process drains 40% of the
iand area of the contermingus States.

Total streamifiow in Ihe fower 48 States
is 86 mition cubic feet per second.
Alaska, Hawaii, and Puerto Rico raise the
total 1o 2.78 million cubic feet per second. *

\
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Inadequate sarface waler suppls for )

instream use, 1975

’

Supeger  ih matequale streailow
] 7080 0r move cepieled n everdge yea!

[ ovhor e Geoiled 7y yea

" Lss than 707 cepleted

Increzsed demand is causing sigriicant
coppetitio 3mang maior users of weter
Sraamioe.  1of the 106 subregens s
inadequz'2 1o support navigation, hydro
nower, re. seation. figh, wildife, and otfer
instream LSS in 40 GVRIRGE Year. Inags:
g-ate means hat 6% or more of the
cater s consumed fisieam quing a
given year, In a gty e, nine more Sud-
‘pions are in the 70% or more depietion
caeoony.

Thete are frequent conflicts between
water Stored for hydropower operations
anc the minimum flow needed belos the
impoundments for fish and widife hzotat
an recreation. A potential conflict i
some western States is the use of waler
for irvigation and for the extraction and
trangport of .3l and ol shale.

K
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Flooding problems, 1875 _ .
Fiooos ocour when a siream. &, of £3y
Zar 0 ‘onger conte 1 tne waler within its
ratrar ore Cial bahks, -
TrCRssve Tunet from snowmell. 1o, o
B HREON Of 1@ two causes most of

e : the spring b . n the northerm States.
: Thunderstorme w2 lly in summer, pose a
“Trect 1o smaf-watarsheds ihroughout the

) country. Hurricanes and accomparying
- tidal fiooding endanger Gulf and Atlantic
- coasial areas.
Periodic fi000ing arecis many z7eas.
¢ Exirame problems &re found aiong ne
Nerth Carcing coast, in the greater New
~ Yok metogoitan ared, end .0 pans of e
Caars and the Lower Mississippi basin. -
- &
oA veneenty . &
4
§ Eatresr oy soere
Very e '
Modcrately severe . , K
| Somewnal seaee
: g: Li 1 oovere -
. . ) | .
’ 1 3
)
. "
) ,
3o
J '{ .
v ‘l ! ! .‘
218 , . .
PRSI : ' . _ ‘

e e s e mo
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Water use, 1900-1975 . . . = ’

. ' ' ’ Two Meastres of water use are wih-
: ' drawal and ccnsumption. Water is with-
. drawin when it is t2ken from a ground or
| surface soutce and is comveyed to the
Siion galens per 62y _ . - pace ofuse. Water ' consumed when{
< o is no longer availablg for use because i
1000 has Ween removed from avaliable suppies
! a _ ’ by evaporation, by transpiraficn, or by use
' in agricuture, manufacturing, or as foad.
Water wiihdrawals for all purposes 1
1975 averaged about 420 biion gallons
per dey—roughly 1,900 gallons of waler -
B person per day. Less than a fourth of
 was consumed, The remainder was
refurned 1o surface walers. /
Widrawals have increaced 10401d
since 1900. The increase i a result partly
ol agrming population but, more impor-
N tant, of irrigation, industrial production, .
‘ enesgy development, and waterintensive
. home appliances. S

Withdrawal

100}

‘: 1 ’ o /

i . — i

1900 1910 1920 1930 - 1940 - 1950 1980 1970 1980 A

’ . .
i :‘ ‘ : P . | ..",{,.

. i S | S | ,l
A b - s . XN
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Water withdrawal, by use, 1950-1975 . - .

L  dmr T

‘ Thi (IGESTINGTELER Vi WAIRS WiRHIN
“%iween 1965 ar« s w fr tnmimt
¢Retric nower, T Tri i S 3es iag
Bilon ety and nCIEsY i \" '1!? ,....lt Waly ]
gallons e ‘ fir 77ndenser ant kit cooing, A b
per gay o v the increds atisalarly o Gl .
1 000+ | . r.q nd Nebraska - iom *frw‘ it . .
F : Fandrawalswior 4.t 7ural | o
Gerieslic Lses, and bR supies in- . o
. ¢ryased about 8% L e Oocade i ' .
el use decrs i 200t 4%, . .
¢ 0 Tnerateofwaly _a.:u.di s hightr Ir. C
- e et then o o 3 wnd s g ' .
ini. the depedable sirely 1 § ¢ e 42 ' ’
Steam electric gnlities vivier resource recu'*‘ fhod il
' sexas Gull, Missour %30, i Ciror,
y wower COIOTECJ o 1-‘. 30.'!1.}-11: l. ' ’,4\\
rrigation Overal, wnth o s _ :

/ | : ~Glease, out not & .hv: ‘(’/Ue }m ;e ds m ‘
‘ ' -' :he past. The rat°c xl? ree,’* & sif7°/ Do

dA,A._T__‘,‘.,,..._
A}

é e me— s

100

L e B —

! ' ;

— r : rte past byl
wilhcra waler o1 indi N R
L uses, add wastes, and, aw mf;s'ff SR

*. waer to rvers and'st rmms Wate: 5
laws now require mos, «~duslnea and )
, municipaities to meet .,.t standards, Many
o : industres are findng it vasier and cheaper
10} , to recycle water in their plants, thus
* decreasing the volume withdrawn. ¢

v Public waler-supplies

Rural domestic

1950 1955 10 1965 1970 1975 1980«
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Water consumption, by use, 1960-1975

Iy

- i Water consumption increased about 25%

™ between 1965 and 1975. Most of the in-
crease came in agriculture as new lands
. were irrigated for the first time. By the *
b'”"on . mid-1970s, forty-one million acres of cron-
gallons : ' © land were irrigated. Consumptigghfor in-

er ga . e
per.cay . b dustrial uses has aiso increased as more

100 _ lrrigation industries recycle coofing and procss =g

) . water.  °
/ The western States consume 'more than
12 times more water per capita than the -

eastern_regions, largely bécause of irri-
gation.
: Consumption exceeded supplies during
- the 1970s in the Rio Grande and Lower
: ' Colorado regions. They imported water
from other basins storing it,in i.ake
’ - : Meade, Lake Povreil; and other large
reservoirs. . .
: Public water supplies Steam elgctric: generation requires large
. e - amounts of fresh water but consumes only
o e . © 2% of what is withdrawn. The 15-year in-
lr:idslésetlrlgrlmeaonuds o ] : ' - credse in consumpticn is a function of
- ~ - ‘ greater evapcratidn which results from
. higher temperatures in ccoling water. - .

TRY TTTTYNE v

“

10

TP

T

Y

1950 1955 1960 1965 1970° 1975 1980 -
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Water withdrawal and censumption
in the Pacific Northwest

‘ and Califomia regions, 1960-1075

-

National trends in waler supply anth, Water supplies are Zbundant in ester ' ‘
demand hige important regional differ- Washington ard Oregon. E=st of the Cas- .
ences. A brief iook al the incividual regions ~ cades where precipitation is 1ess than in Lo ,

| Shous where important weter supoly and * - ihe West, there are seasonal water short . LR T
lood problems are or mav.oscur,  _ ages Igalon s the primary offstieam R e

' user of water, I S I

The major problems with surface water SR

swpl in i region are seasoral for - N 1 T

example, irrigation demands confiict with e T

the streamfiow needs of the samon T e A

ficheries E e d
Ir California, water suppies and popur LN

lation denshies are invarsely related. Tné

areas 4 high annual precipitation, up 10

100 inches or more, are in the North and

the mountains; primary demand for water -

for agriculture and urban development & -

in the central valley and scuthern coastal .

areas, where precipitation is ahout 10

inches per year, The discrepancies be: - R

twegn Supply and demand have begn ini T

mized by the massive reservolr storage ‘ P

capacity and conveyance faciities, which ' ( - ng‘“ '

are ysed for irigaticn and for domestic ' - Y ”aaﬁ‘%m' \‘I.;. ‘

and industial Supplies. Some of it is from “ S BTN

the Colorago River. In addition, ground - b

wate: § lapped for irrigation and domestic . ' |

Use. (
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Water withdrawal and eghsumption o R
in the Great Bsir Upper Colorado, o e
and LowezColorado regions, 19601975 ‘ T,
W
/%lorado Riser s e fe boodof he The Great Basri s 2 hydroiogicely ) o -
Soutriwest. 1 i the most physicaly devel closed system—hat is, al rivers ancy ' ' ' '
oped and controlied river in the Nation. sireams &nd in terming! lakes or SIks.- N e
Halt the population of tne wesern Sigles  Irrigation i the fargest user of weler.— ~ S
derends a1 aas! n parl on water supplied  Because avalable wiater % not sufficient 10 e B BN
by the Colorado River.. meet ihe-reecs it many areas, it is ‘, *‘Lb IR '
- v Current use exceeds walabie reni}w-/cﬁemed from other basine. For most LN A
. . ) . . . N o S
. ble supplies, aid the difference is being develdpment loczted away from the moun- R I e et
made up by overdratt of grownd waler, pri  tains, ground water Supplies are sufficient. Col e T o '
. mariy from aquiers jn central Arizona and  Flooding is occasionally serious, ' ‘. f B
southern Nﬁ}/ada’ﬁnysix percent ofthe-  particularly in areas of rapid population ‘ ~ Ny -
valer withdrawn in the Lover Colorado~*growh, ‘ L
'r;g|on is ground water; nalf of it is over- ' , B T ,
" drafl (2,415 million gallons per day). This '
area has‘always been short of surface S
veler, Now ground waler is alsobecoming | S o .
inadequate, ' ‘
Tre largest use of water isor n.lganon ‘ ' p
Almost half the irrigated land in the Lower ‘ o , . .
Calnrado region depends entirely on 4 . L Vo ‘ o ‘
ground waler, \ ‘ )
The Clorado River is'inadeauate to | . N
meet regional agricufiufal, industrial, and - ' 2 .

municipal requirements. Future demands

for water wil have o be balanced with

conservation or reductions in uses some-

where because avalable ground water s

ke plete. Une of the most impartinl .
i b for the mining and pron- ' ! §

wesirg of coal and of shale, The extent: B ’

and timing of such needs are uncertain

but confiicts may e pamcularly lntense in

the Upper(;olorado region, -

. Risk of flooding is £ecoming a serious

problem because new communities are

often buill on flood plaing,

B~
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Water withdrawal and consumption
in the Missouri, Arkansas-White-
Red, Rio Grandg, and Texas-Gulf ~
regions, 1960-1975

Al the-rivers in the Northern and Southern
Plaing crain into the Mississippi River or
the Gu!t of Mexicb. Limited water supplies
depenc heavily on precipitation, and
streamflow in turn deg=nds on greund
water seepage bécauss there is reiatively
ittle natural surface water. .

“+ The primary use of water is for irriga-
tion, with consumption for irrigation
increasing steadily in the Missour ana
Arcansas basins, The Oqalala Formation.
4 large aquifer system in the Great Flains,,

"and Centra!l Lowlands. is being pumped to
irnigate 13.1 mitlion acres ot farrmland in
Colorado, Kansas. Nebraska, New Mexico,
Oklahoma; and Texas.

Ground water resources afe peing
rapidiy depleted by the overdraft for irriga-
tion, !¢ the Arkansas-White-Red Tegion. fot
~xample, 62% of grcund water withdrawal
is overdraft. If overdrafting continues at
current rates, available ground vsater will
be virtwally exhausted in 30 16 50 years.

In the Rio Grande region existing sur-
face: water is completely. appropriated by
current demands. Any new demands by
an ir ~reasing population may have to be

.met ! the expense of irrigation, the -
largest consumer. )

lrrigated cropland is not the only con-,
tender 16r ground water. Rapid populaticn
growth and new industry are adding to the
demand, particularly in the Texas-Gulf

region. :
[ S
~
~
T ’ ; SRR
O
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Nater withdrawal and consump'lon ~
n the Souris-Red-Rainy, Upper .
\iississippi, and Lower Mississippi : :
‘egions, 1960-1975

Surface waters of the Souris-Red-Rainy , o
‘egion flow north to Hudson Bay. Water ‘ /
-gsources are refatively abundant in - s P
sastern Minnesota, but during periods of - : -
drought in Nesth Dakota, supplies are . b B
limited. -‘Major uses are in manufactunng . L
and irrigation. Lo o
* The water supply in the MlSSISSIppI R 'j |
regions is sulfficient for-both instream and s !
offstream uses. All along the Mississippi, ’ ‘
mdjor withdrawals are made- for steam T
electric generation. In the Lower Missis- ' LA
sippi basin, the amount of water con- '
sumed in irrigation has increased rapidly in
recent years.

‘With so much water, the major problem,
along the Mississippi is flooding. Roughly
half the area’in the three regions is sub-
ject to floods, ‘and one of the most fre-
quently and severely flooded areas'is near
Memphis. -~ , e

Raity |

i

R sdurig-gaed-’
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1017 , o . ‘
Water withdrawal and consumption in " ‘ a
the Great Lakes, Ohlo, and Tennessee

- regions, 1960-1975 )

Like the regions bord@ng the Atlantic, the - - : - '
Great Lakes region and the areas '
_immediztely west of the Appalachians
generally have ample water resources.
‘Both surface and ground waters- are abun-
dant, except for serious ground water
depletion in local areas of northern
Michigan and Wisconsin and in parts of

* Mipnesota. ,

~ Water is withdrawn primarily for steam——
el§tric generation and-manufacturing. )

<" Major instream uses are navigation on the

GrEat Lakes and the Ohio River and hydro-
bwer, navigation, and recreation on the

 Tennessee River.

Flooding is serious in all three regions

but is particularly severe in the head- N
waters of the Tennessee River, where the b

rugaed terrain encourages building in the ' . . -

flood plains. By far the most serious water : s

problem in the region is water quality. *
M 4 .
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Water withdrawal and consumption
in the New England Mid-Atlantic,
and South Atlantic-Gulf regions,

-1860-1975

O

ERIC

Aruitoxt provided by Eic:

Water is generally abundant along the
Atlantic coast. Supply problems exist in
urban coastai areas of Massachusetts and

Connecticut and in the metropolitan areas

of New York City and northern-New

Jersey because of domestic, steam elec:

tric, and industrial demands. In the
southern coastal areas where intrusion of
saline ground water limits ground water
withdrawals, . some types of development
are also limited.

~ In the New England and Mid- Atlanilc
regions, the largest withdrawals-are for *
industry and steam electric plants. In the

South Atlantic-Gulf region, the paper and .-

pulp industry is responsible far the large

-withdrawals.

inthe New England and Mid Atlantlc
regions, flooding is @ major problem, with
substantial risk to life and property as &
result of extensive residential and com-

mercial development ip flood plain areas.

LAy
4

faNgh

et



Bilion gallons ooy

100,

New Engfand

’
,

| Withdrawal
1w : /

1}
‘ Consumption-
|
)1 ; i
.01 E
0001 ¢ .
0.0001 b= i —= . .
1960 1965 1970 1975 -
O

ERIC

Aruitoxt provided by Eic:

..-—_--/

-

3

Bilhon gallons per day

Billion gallons p2r day

100¢ Mid-Allantic 109t solth Atlantic-Gulf
awal T
» Wllhd!aw’l Withdrawal ___ * »
b : -
L ‘
»’
10t - 10 [
IR —'/f'.”"’éBHéunwption
- - ,,’/-‘*'—"—
L Cons,urnplionA / .
/ e - AT s . :
i o N
0.1} 0o s *
. ¢
)
0.01 | 0.01}
Q
0.001 0.001 :
0.0001 — . . » 0.0001 b———i e
0001 1560 1965 1870 1975 ~777 1960 1965 1970 1975
S -3 '
o e 393 PR



A -

1019 \
Water withdrawal and cormumpllon o o .
in Alaska, Hawali, . v

‘and Caribbean regions, 1960- 1975

A third of the Nation's fresh water ig in

Alaska. The primary ottstream use is; for ’ . -
manuacturing and mining. Instr\eam uses : X N B ’

inciude sport and commercial fishing and o R EEE

maintenance of extensive weti2id wildiife L N 2

habitat; S P A

Rainfall i Hawaii is able to supply most : o ‘
foreseeable water needs. The pnmary oftf- A

.stream use of water is for |mgat|on . T i a
 Water supplies are ample in Puerto . e N
‘Rico but are severely fimited in the Vlrgln R \ \ S
Islands because of low rainfall and the " ' Dt ) o ’ : )
mountainous terrain. lrrigation is the i ) ’ ' ' .
largest user. ¢ [r
. L .|
@ v
awali Carnbbean
[=Y 2 ¢
: . T /;-</ 7
. \/;\laska .
- 1" f "/' " /_,_.‘ '
: o :
Le ' C ('
K )
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Snurces-and technical noles

- i

Us Water Resourees, Goune lidlll()r
W sl i a i 19708 porod rather than
o the e year 1 e busiz perod f
1, s 200 projechions of this Second
Nattiona Watir Assessment by the Water
Beontees Counel

104
The hydrologic cycle

eQteg] o “Where we Gel ouile !
Fit \50&'1 to sky to fand o ocean,” ¥ €
Ackerman, L A Colerman, and H. 0. Ou)sky,
n - Water,” Ina yedihook ol agreultare

1065 1S, Department ol Agriculture (Wask:
nglen USGPO, 1955, p, 42
LU '
102
Water resource regions, 1975

The naton's waler resources, 1975-2000,
U.S. Water Resourgss Council{Washingfon:
USGPO, 1378), v. 1. summary, p. 5.

The United States i dvided mio 21 nydro: '

- logic reqions, each with a major river basin
of  seres of smaller fver DESINS. These
tegions are diided o 106 assessment sub-
regions and 222 planning sugregions, Fol
gch region, approximate county areas are
designated for comparison of demand and

 yse data with subply data.

Ity wsar surtacks include lakes, reser
voirs, andjdonds having 40 acies or more
ared, streams, SlOUgH, estudrigs, and canals
ane-aighti of a stalule mile or more in width,
and deeply ndented embayments and sounds
and ather coustal waters betnd or shellered

by headlards or isknds s ppatated by less
h N 40 acres ol aga
<104
Average annual precipilation,
- 19311960,
See 102,p. 16 .

The world average ncludes 26 inches o
tam and 9 idches of snow, sleet, or hail.
104
Available‘ground water, 1875 -

The nafion’s water resources, 1975-2000,
.S, Water Resources Council, {Washington:
USGPO, 1978), v. s (analylic data), appendix
Il @ cersupply and use analysis),

eERIC 2526

% . . 340

105
Ground waler wilhdrawal. 1975

“Antiudl waler adouacy analysis,” US.
Watler Resources Council. unpublished com-

puter prmtoul, Auqu-d 1979, pre pparad 101 i

Watet Resourees Council Second Nethoral
Waler A sessment, talie 215

106
Grou::d water overdraft, 1975

See 1‘0-4.

107
Average streamflow of large rivers,
19411970

Large miers of ihe United Slates, K. T. Isert
and W. 8."Langbein, U.S, Gealogical Survey
(Washington: USGPO, 1975, circ. 686, p. 4.

108
Inadequate surface water supply
for instream use, 1975 ot

The nation's waler resources, 1975-2000.' ‘

U.S. Wafty Resources Coancil (Washinglon.
USGPO, 1978), v. 2 (waler quantily, qualty,
and related land considerations), part Il
(waiermanagement problem profiles), tabie
II-7, pp. 138-147.

109
Flooding problems, 1875

Esl:ma!éd flood damages, U S. Waler -
Resources Council (Washingten: USGPO,
1477), appendi B, nauonw»de dnalysm reper,
p 13

Degree of seve:» i based on dollar
losses and damages—current, projected
percent increase'projected between 1975
and 2000, per perscn, per &arnings, per unil
area, and cropland losses—and on the num-
ber of places in a subregion with flooding
problems, '

"2

1010 _
Waler use, 1900-1975

Withdrawals, 1900-1970, and consumplion,
1960-1970. Water policies for the fuure,
National Va'ar Commission (Port Washing
ton, N.Y.. Vater Information Cente'r hic.,
1973), 0. 7.

Withdrawals and consumpnon 1975 Esli-§
maled use of waler in the United Stales in
1975, U.S. Geological Survey (Washinglon:
USGPQ, 1977), circ. 365, p. 10.

Il water S returned 1o a surface waler
source and is*again withdrawn, it is again
countad in total withdrawals,

1011
Water withdrawal, by use, 1950-19[5 "

1950-1970: Estimaled use of waler'in the

United States in 1970, U.S. Geological Survey
(Washington: USGPO, 1972), circ. 676, p. 10.
1975: Estimated use of water in the United
States in 1975, US. Geological Survey
(Washington; USGPO, 1977), circ. 765, p. 10.

Watey consumptlon, by use, 1960 1975 )
1960: Estimated use of water in me United

- States, 1960, U.S. Geological Survey (Wash-

inglon: USGPO, 1961), circ. 456, tables 1,3,
57,9, 15, pp. 13, 15, 17,19, 21, 24,

1965 Estimated use of water in the United
States, 1985 (ashingtén: USGPO, 1368),
circ. 556, lables 5, 8, 11, 14,17, 26, pp. 17,
22,26, 33,39, 47..

1970: Esnmaled use of waler in the United
States in 1970 (Washington: USGPQ, 1972,

‘circ. 676, tables 5,6,7,8,9,10,pp. 13, 21,

23,2521,

1975: Estimated use of water in the Unilsd
Slates in 1875 (Washington: USGPQ, 1977),
circ. 765, tables 5,6, 7, 8.9, 10, pp. 21, 23,

25,27,29, 31,

v

1013 throtgh 1009 S

Water withdrawal and ccnsumption,
by region, 1960-1976

1960; Estimated use of waier in the United
States, 1960, U.S. Geological Survey (Wash-
inglon; USGPO, 1961), circ. 456, 0. 2.

965: Estimated use of walar in.the United
States~£965 (Washingfon: USGPO, 1968),
circ. 556, pp. 48, 49,

1670: Estimated use of water in the United
States in 1670 {Washington: USGPO, 1972),
cue €76, np. 28, 36.

{575; Estimated us¢ of waler in the Umred
S'ates in 1975 (Washingtoa: USGPO 1977)
rire. 785, p. 38,

For additional discussion of waler resources
see the 21 regional reports imhe nation’s |

aler resouces, 19752000 US, Waler |

Resources Souncil (Washington: USGPO,
1976), v. 4,
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. Chapter 11 ‘ | -

Water Quality o

Ideally, water quality wowd be measured ’ .
in terms of its impacts on all living sys- ol
tems, human and other. But because ' -
measuring the functions of biolcgicat

-systems is dilficull, water yaality is

s cescribed by the extent to which lakes,

rvers, and streams ¢an physically, biologi-
cally, and chemically support aquatic life

" and meet! the standards recommended for
human use. :

Efforts tc keep water clean or to restore
it to a healthy state center on controlling
the amounts and kinds of materials that .
are dumped or washed into watenwaysy
the grousd, and the air. Water-quality of .
rivers, lakes, and oceans depends upon
their individual capacity to handle a given
pollutant. In frn, the capacity varies with
the type -and amount of the pollutant; water . . SR
temiperature, flow, and sediment; and
mineral content. v

Under Federal law, the Government is
directed to “restare and maintain the
chemical, physical, and biological integrity
of the Nation's waters''—1to eiliminate the
discharge of pollutants by 1985; to main-
tain water quality that protects fish, shell-
fish, and wildife, and provides for recrea-
tional use by 1983: and to prohibit the
discharge of toxic substances in amounts
that are toxic to humans and wildlife, -

Control of poliutants discharged directly
from industrial and municipal sources
(Point sources) into waterways is progress-
ing, but little progress has been made in .

T - "the kinds ard amounts of materials that
erler waterways from erosion, urban run- -
off, and many other general sources (non-
point sources). ' :

.,
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‘ B VR ; Sources and effects - -
/ ’?‘,/’ of water pollutants -

. Wastes that ‘degrade ,water quality. range
o g from the primarily organic disease-carrying
O . agents in human and animal wastes 1o
. inorganic materials and minerals to radio-
i ’ active materials and heat. All can seriously
S degrade the quality of water, can harm
aquatic life, and can limit recreatlpnal and”
. other uses. : '

Sources:.
- Based on "'The future of 'h& Nation's
: waters,” W.O. Pipes (Drexel Umversny,
. i 1976), table 2; Environmentz! Quality—
1979, Courncil on Environme ntal Quality -
(Washington: USGPO 1979) and previous
s annual reports

%
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Fecal coliform bacteria,
average annual violation rates,
1975-1979 ) '

miles of rivers and

> United States have
venient dumping ground
1nd municipal wastes and
| catchall for land funoff.
leanup efforts by govern-
ustry, then, focus on rvers

4
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Average ennua! violativi rate  2rcent)

100
90
80
70t
60}
50t
40}
3pt
20t

10t

1975

One measure of water quafily is fecal
colifarm bacteria, which indicates th{
presence of untreated fecal matter from
humans and other warm-blooded ani-
mals, Fecal coliform bacteria are not
gensrally harmiul, but they indicate

the possible presence of infectious
microorganisms that cause typhaid
fever, viral hepatitis, tuberculosis, and
encephalitis. -

1976 1977

The threshold Ievél for fecal coliform

bacleria set to protect human health in -

waters used for swimming is 200 cefls

per 100 miliiiters of water. The average

annual violation rate in 1979 was - !
35%—that is, in 35% of all measure:
ments taken, fecal coliform leveis

‘exceeded the nationally recommended
level. . -

a3

1978

1979
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Fecal coliform bactetia , | . B o

in US. waters, 1978 . ] B '
There weere two water basing with high e S - '
fecal caliform violation rates from 1975 _— o i ‘

to 1978—the Ohio, with 4 of its 21 .
accoumin_g uniis at 90% or above, and
the Missouri, with 3 of its 45 account-

ing units at 100% violation. a
»" f
LB
' ‘.
) ‘
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1 ' .
¥ B 3
Violation rate
(percent)
: ! R 100
Lo | B8 0%
N
e - [ Daa
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Fecal cofiform bacteria
in major rivers, 1965-1978

In many large vers, fecal cofform
bacteria levels are declining. The Wik
mette and Red rivers have shiown the

~ most improvement, Violations for the

Yiolation rate {percent)

1007 ~ Columpia

Yiolation rate (percent)
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Dissolved 01ygen,

average annual vialation rates,
19751879

The amount of dissolved oxygen in water
Lyerags annual volaton raie (percent) Cetermngs the extenl 19 which t.he “fa‘e,’ |
_ « body cen Support aqualic Organims which
7 use Cissoived oxygen o metabolize food
) The Orygen that is naturaly dissoled i
. water is ('sed when a subtance is oxi
i » dized in wiater, Decaying leaves, s,
‘ "'.‘—'i- g organic matier, and anmal fecal matter
L als deplete Oxygen levels. S0 0o agrt
| : cuitural feedlot and topsoll runoff, munick
‘E . ' pal sewage, and a wide variefy of male-
| : rals discharged directly into the waer by
 industy. s the extraoad of manmace
| wastes that most often depletes dissolved
| JIN , eyger, upon which aguatic e depends.
S -+ Thecriterion fordissofved axygen set to
- : ' | sustain|any foms of aquatic e & 5
507 | ‘ - mnhgra!'ns or ler o water. * -
. The average annual vioiaton rate for
, dissohved oxygen i 1978 was4%--lhat
40 BN " s, 4% of all measurements faken, .- -
‘ r © disolved oxygen levels exceeded e .
2ol | nationally recommended levelwmw
- ' - Aviofation of the ‘acoeplable orygen
lovel s mare severe than other vnlabons
20 of ambient corditionsibecause f eans
. , , that many forms of aquatic ffe cannot live
‘ Smaller strems are particut ‘uly prone to
this problert, -
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Dissolved oxygen in'U.S. waters, 1978

(f 326 (out of 35%) accourting unts
“gporting in 1978, 253—18%~reported
ravioigtion of the dissolved oxygen or- -~
serion, Only 10 reported vio'lion rates
more oftet than 20% of the time. How-
ever, two areas were consistently at very
hig7 levels from 1975 10 1978—the New
Ruer on fhe California-Mexico bordar, with
viglation rates of nearly 100%, ang the
Kissimmee River and canal system in
soutamn Fiorida, wih violation rates of
30% 10 40%.

N
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Dissolved axygen In mejor rivers, ‘ .
1966-1978 : | -
Violation of the cssolved oxygen slandard ) | )
s relatively rare in major rivers. The Violation rate (percent) Violation rate (percent)
Hudson and Delaware have shown the ; . , |
most improvement of those Sluded, .100" Columbia op Willamette -
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g t
Total phosphorus,
avarage annual violation rates,

. 1475-1979

w/

r

Average annual violation rate (percent)
100 -

90}
80t | 'S
70}
60t

50t

40}
30+

20¢

1975 1976

1917

1978

1979

- prevent the growth of nuisance planls i

* 47% of all measuremens taken, tota‘ .

Levels of phosphiorus, a nulrlent egsential
for all e, can indicate a change Inthe .

- character of a fresh water river or stream.

Excessive phosphorus can stimulate, growth‘
of algae and ofher plants, and thereby . -

 accalerate eutrophication of waterways

Sources of phosphorus include muntctpat :
sewage, phosphate detergents agrtcultural-
runoff {including terttttzers) and naturél e
deposits im rocks. . - t
- The crterion for total phosphcrus set 10

0.1 milttgrams per tgr of wate

The average annuat vlolatlon rate for
loal phosphorus n 1979 was 47%, rougtttyf
the same since 1975, This means that in. "=

phosphorus levels exceeded the nattonalty
recommended level. L
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AN

otal phosphorus in U.S. waters, 1978

Phosphorus violation rates of 100% are
common in the central States because of
agricultural runoff, detergent use, erodble
soils, and human waste, Highes! violation

- rales are in the Mississippi River, its major

o) - tributaries, and the Missouri River.

Violalion ralé . _

Ipercent) P v
89 100 - |

50-99

M . c .

e ~ .

[ Dan

nol avallagle
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1110
Total phospharus In major rivers,

1966-1978

The number of phosphorus ollors ias

declined substantially in 7 of 11 major Violation rate (percent) " Violation rale {percent)

rivers for.which sufficent datd were avall- 00 - , 100r h

able. Two rivers showing no substantial \ - Columbia : Willamette

 improvement are the Mississiopi and the - - ol ‘ 80

Susquehanna, Violation rates for the ‘

Tennessee and the Cokumbia have not

exceeded 20% in recent years. 60 . 607 ‘ ‘
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Heavy metals, 1975-1978 S

Mercury

Almost al the States report water qualy
problems from toxic substances. Often only
a small portion of the river or stream is

. affected. The most commonproblem
reported s that of metals.

Heavy metals are concentraled n rvers
as runoff leaches minerals from the sall. -
Mining, industial discharges, combiped
sewer overflow, urban funoff, and solc waste
disposal increase their concentrations.

Heavy melals are not completely Te-
moved by common waslewaler treaiment

As a result, they buid up in water bodes, -
concentrate in the sediments, and are bio-
. accumulated i higher animals in the food

chain, They contaminale the ground water
Shortterm high concentratidns or long-
term low dosages can cause serious i

" ness or death o aquatic and human ife.
Q T {

400

s

A

Violalion rate

~

not avaiiable

* Mercury is widely distributed in the

. environment, wifi mining, agricultural, and

oower plant wasle discharges adding 1o

- natural occurrences. There are few viola

tions of recomimended levels: only 40 (oul
of 350) accounting units reported vioka:
tions between 1975 and 1978, mast of
them one-Ame violations. x

Arsenic

Compounds of arsenic are also widely |
distributed in nature, with additions 0

~ waterways from industrial processes,
 herbicides, and other manmade'sources.

Most violations of th criterion were in the
Wesl. ' ‘

Viokation fale
percent)

s

not avaiiable

[



Pl

Cadmiym | . - Lead

Violation raie

 Vigizion ale
{percent)

{percen)

100
B 50-90
3 _ . sl 1449
E- . \) _ : ‘ DO
pa - s ' [ 1 0o ] Daa
: not avaiable not availanle
Cadmium is found in nature in associa- Lead is added fo tie enviroriment during g~
ion with zin¢ and lead. Atthough  third o1 mining, smelting, and procestang the ore \ L
he accounting unis.reported violations and through disposal of-sofd wastes, Vas! | Lo
between 1975 and 1978, the violation rate _ +..—Griantiies 0l lead are emited by auto- " 5 = '
id not exceed 36%. Some of the hig: st S mobies. The highest concentrations are
concentrations were in hining and-smelt- ' ’ . principally in the Southwest, wherg l¢ad
ng ~reas of the West, - S oocurs naturally.
v E




1112
Phenols in the upper Ohio River
_basin, 1858-1976 -

Violaticn rate (percenty
1 OO(

90+
801
7Cr

601

1 microgram per liter

5 micrograms per liter

1965

.

Phenols are synthetic organic compounds
used in oil refineries and in the chemical
and iron and steel. industries. They gener:
ally indicate the presence of industrial
water pollution. '

b

1970

. The upper Ohio River, with its aggrega-

tion, of heavy industry, is monitcred for

~ phenol poliutica. Phenol concentrations

here are improving because of industrial

waste treatment and acid mine drainage

control. Less acid water supports more
microorganisms which can break down
phenols.

1975

1980

* Some areas of the tiver basin, such as”
along the Mahoning, have shown littie of .
no improvemant. Annuai violation rates

remained at nearly 100% ‘there froni 196€

10 1978,

ERIC

Aruitoxt provided by Eic:
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Discharges to water, by pollutant and
by point and nenpoint sources, 1977

To decrease polltion levels, governmen:  » '

I 1 | \ i .
oing it d!scharges yhal gonlam he Total suspended solids (TSS) ’ 243659
pollutants, Discharges inlo rivers and y .

sirpams, lakes, esluaries, reservorrs,
oceans, and ground waler come fom spe:
cific point sources, primarly industrial and
municioal discharge pipes and general
nonpoint sources~-namely, agricultural
runoff, urban runoff, and solid waste dis-
osal sites. S , o
Polltants in the discharges are mos! v | Biochemical oxygen demand (B0D)
often totat suspended solids, biochemical 3 R
Oxygen demand, nitrogen, phosphorus,
and heavy metais, -

Enormous volumeg of 1nalenial are dis: Nitrogen : ‘ o 134
charged inio U.S. walerways each year, g ‘ ‘ o
most of it from nonpon'& sQurces.

Tl dssohed sols (D) i | 1707504

. 0 n 20 % 4 50 10 8 % 100
Percent of pollutant
{




1114
Point source discharges to water,
by sector, 1977

Municipal sewage facilities are the prin-

cipal point source pollutors to waterways.

Other major digchargers are the organic
chemical industry, agricultural feediots,
powerplarits, and pulp and paper mills.

O

ERIC

Aruitoxt provided by Eic:

“Total suspended solids

Million
Sector pounds

per year
Municipal sewage plants  :.850.0
Powerplants * 1,165.7
Pulp & paper mills: 781.8
Feedlots 422.0
Iron & steel mills 254.3
Organic chemicals 144 .0
Minc. food ‘& beverages 91.9
Textiles 61.7
Minera!l mining 52.7
G aloods 50.0
Total, top 10 N
sectors 6,874.1 ,
Total, all sectors . 13,7480
Top 10 .seétors .
as percent of all sectors 50%.

"

Total dissolved solids
]

Million
Sector ‘pounds

pes year
Organic chemicals

36.540.4

- Municipal sewage plants 30,255.2

18.418.1

Powerplants

Pulp & paper milis 16.,825.8
Misc. chemicals 8,176.4
Misc. food & beverages  7.420.2
Oil & gas extraction 6_077.0{
Petrole.um refining 2,389.8
Coal mining 1‘,328.7
Iron & steel mﬂls 1,324.0

%

Tot.alz top 10 ) .
. sectors 128,755.6
Total, all selctors | 170,759.0.

Top 19 sectors

as percent of all sectors* 75%




Biochemical oxygen demand Nitrogen
) © Mition Million
Secior ’ pounds Sector - pounds
: per year

per year

Municipal sewage plants  3,800.0

Municipal sewage plants 813.5

Pulp & paper mills 530.2 Pharmaceuticals 876
Organic chemicals 1076 Organic chemicals 411
Feedlots 95_.9‘ Feedlots ' 39.9
Seafcods 86.9 Meal packing .36.0
Misc. food & beverages 54.8 . Petroleum re‘ﬁning 15‘ 5
Cane sugar milis 50.4 Misc. food & beverages 12.3
fron & steel mills 378 Seafoods’ 9.5
Misc. chemicals 35.2 Pesticides 8.9
Textiles | " 24.8- Leather tanning : 7.1
Total, top 10 ' . Tbla], top,10 .

sectors : 4,823.6 sectors 1,071.4
Total, all sectors 6,944.0 Total, all sectors 1,237.0

Top 10 seclors
as percent of all seclors 69%

434

O

ERIC

Aruitoxt provided by Eic:

Top 10 sectors
as percent of all sectors 87%

.\'

Pnosphorus

Million
Sector . _ pounds
per year

Municipal sewage plants 73.9

Feedlots ' 21.8
Misc, food & beverages 47
Meat packing 3.4
Laundries 33
Fef(ilizers 2.6
Petroleum refining 15
Seafoods | i 14
QOrganic chemicals | 1.4
Poultry . 1.2
Tolal; top 10 )

sectors 115.2
Total, alt sec‘tbrs. 191.0

Top 10 sectors
as percent of all seclors 60%

Dissolved heavy metals

. ! Mitlion
Sector pounds
per year .
Powerplants 244
Municipal sewage plants - 93
Iron & steel mills 76
Petroleum refining 8.0
Organi¢c chemicals 3.6
Cre mining 2.5
Eleclroplaung 0.5
Machinery 0.5
Oil & gas extraction 04
Foundries ' 0.1
=
Total, top 10 ) ..
' - sectors . 549
o~ .
‘Total, all sectors 59.0
Top 10 seclors L
as percent of all sector 93%

257




1115
Population served by municipal
. " wastewater systems,
) by level of treatment, 1960-1978

Seventy perc:. ! of the population has
sewer service, and almost ai—89% —of
the sewered wasles recewe treatment of
some kind.

There aré three main levels of municipal
wastewater treatment—primary, second-
ary, and tertiary.

* Primary treatment usually involves the
physical separation of particulate matter
from raw sewage by settling out the
heavier solids ans skimming off the lighter
ones. This process removes hstween 20%
and 35% of what is known as tiochemical
oxygen demand, one measu.-: G oxidiz-

- abte matter in water. Advanced primary
treatment can involve the use of tagoon
systems and other methods of treatment
{o further reduce biochemical ciiygen
demand and the amount of suspended

. solids. '

4 3{; .

ERIC

Aruitoxt provided by Eic:

In secondary treatment, biological
degradation is usuaily employed to reduce
biochemical oxygen demand and remove
total susper-ed solids by 85% or more.

Tertiary treatment commonly uses -
chemical and pHysical means to remove
nutrients (phusphorus and nitrogen) and
other contaminants such as toxic sub-
stances thai remain after secondary

" treatment,

3

13



Total U.S. poputation

Not served by
wasiewater
system

+ | No treataen

Degree of
treatment

Served by
wastewater
syslem

’

Millicn people

220{
200
180}
160+

140+

120

40t

Secondary

Primary and
advanced primary

or better ~J

Prienary, -
secondary,
and
tertiary

L

Primary

primary

Advanced

Secondary

Advanced
secondary

Tertiary

1960

1970

ERIC

Aruitoxt provided by Eic:
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ources and technical notes

1-2

‘ecal coliform bacteria,
iverage annual visiation rates,
1975-1978

Co. on Environmantal Quaily.

sasesion, DC. UPGRADE analysis of |

ne U5 Geological Survey Nauonal

Strearn Quahty Accounting Network
NASOAN) data NASQAN datz are pubnshed
or wach State oy the U.S Geological Survey
n Water resources data frr [State] 197[ ]
valer year

The 1975 data tor ali States and all
tiASQAN stations are printed in Quality of
rivers in the United States, 1975 water year—
tased ¢n (he Natonal Stream Quality Ac-
courtt ) Network (NASQAN), U.S. Geological
Suts ey (Reston. Va., 1977), open file rep.
75200 Tr= 1976 data are expected to be
pubhshed ir 1981,

Fecsl cohform (FC), dissolved oxygen (DO
phcspnorus, and metals data are from ap-
proamately 470 NASQAN stations in 350
nycrologically based accounting units.
NASQAN s considerect uniform because the
same potlutants are masyred at ail stations
under standardized conditions of collection,
frequency. and analytical methods. FC, DO.
4nd phosphorus are measured monthly and
vetals are measured quarterly, weather and
olner conditions permitting.

Years refer to water years. A water year
pegins in Getober and znds in September; for

¢

example, 1975-1979, begins in October 1974

and ends in September 1979.

Although there are no Federal standards
for water guality, Federal agencies have
recommended acceptable levels for a number
of poltutants—criteria which regional, State,
and local governments are encouraged !o
adopt. o

The composite violation rate represents the
proportion of all measurements of a specific
water quality variable which exceeds the
violation level for that variable. Although .
violation levels are based on published water
guality criteria, the word “'violation'' is used
for simohcity and does not necessarily imply
a leg woation,

The .. 1ants, criteria (violation levelsy,

4 waler use relative to the criteria are:

Fecal coliform, above 200 cells/100 ml, swim-
ming, dissolved oxygen, below 5.0 magl/l, desir-
able fish populations; total phosphorus, below

Q

RIC

Aruitoxt provided by Eic:

0.1 mg/l. prevention of piant nuisances
streams or other ticwing waters not discharg-
ing directly to lakes or :mpcuncments; o:al
mercury, apove 2.0 pgl/l tor domestic water
supply, above 0.05 pgll for fresh water fish
and wildilfe: tota! arsenic, above 100 ug/! for
crop irngation. above 50 py/l for domestic
water: toral cadmit s, above 10 pg/l for
domestic water: ton_! lead, above 50.0 xg/l
for domestic water. (These levels are listed in
Qualty crizeria for water, U.S. Environmental
Protection Agenc'- (Washington: USGPO,
1976).) )

“The composite violation rate has several
importunt advantages as an indicator. First, it
relates the water quatity data 1o known refer-
ence levels, many of which are associated
with potentiai impacts guch as beach closings
or harm to aquatic life. Second, the com- -
posite indicator statistically reduces the bias
caused by any high values erroneously
recorded, a problem with most large data
bases, in contrast 10 certain other measures
such as mean values. Third, the composite
violation rate can be applied flexibly. It can
be used for a single monitoring station, all the
stations on a river or river reach, of even the
entire nation.

"As with most other indicators and statis-
tical measures, some of the year-to-year
variation in composite violation rates may not
represent significant changes in water gualty.
Ins*2ad, the variaticn may be due to changes
in streamflow, temperdture, measurement
schedules, and other factors. A genuinely
significant imprevement or worsening ina
particular vsater guality variable usually
becomes apparent only after several years cf
consistently different values have been meas-
ured in a river.”" (Environmental quality—
1976, Council on Envirgnmental Quality
(Washington: USGPO, 1976), p. 271.) |

1.3
Fecal coliform bacteria in U.S. waters,
1978

See 11-2,

Years refer to watér years. See 11-2,

43

114
Fecal coliform bacteria in major rivers,
1966-1978

Counci on Environmentat Quality, UPGRADE
analysis of the U.S. Environmental Protection
Agency's Storaze and Retrievel (STORET)
data.

These 13 rivers were sflected from 22
waterways analyzed by the U.S. Environmen-
1al Protection Agency. The 22 rivers and tays
were the 10 longest rivers, the 10 with the
highest flow (cubic feet per second). and

.were n or near the 10 largest urban areas.

The 13 rivers were those with the most
compiete data available. (Other major rivers,
such as the Colorado, were excluded because
of data limitations.) Most of the stations on
the 13 are operated by the U.S. Geological
Survey, but data were also incluged from_
several State and other Federal agencies.

Because all stations did not operate con-
tinuously and some 100k More measurements
than others, the data may be biased toward
conditions where FC, DO, ¢ phosphorus
were measured more freguently.

Data shown here have at ieast 20 cbserva-
tions per river per year from all staticns com-
bined. For any year shown with ro data. either
that parameter was not measured, was meas-
ured but not reported to STORET, or was
measured infrequently (less than 20 observa-
tions per year).

Data for 1978 are prelimtary.

115 -
Dissolved oxygen, average annual
violation rates, 1975~1979

See 11-2. . -

Years refer to water years. See 11-2.
16 ' ,
Dissolved oxygen in U.S. waters, 1678 -

See 112,



i
Dissulved oxygen in major rivers,
19A6-1978 "

See 114,

Verus 1 her than 20 milgrams per Mer
VI £1IUDES DECaUSe Of possile e1rors of
DOST Sa7rples, '

Data for 1976 are predrmnary

1%2 |
Total phospharus, average annual
 violation rates, 1375-1979

See 112

Measurement- of 10t phosphorus inglude
diss0ived phosprorus and phosphorus asso
Cltled wih suspended soiids.

Ve refer 10 waler years.

119
Total phosphorus in U.S. walers, 1978

Ses 1.2

1110

Total phosphorus in major rivers,
1966-1978

See 114

Vetues: hughér than 25 mcrograms per ier
wite eaCILTee Decause of nossole errors or
por sample ;.

*Data for 1978 are preiminayy,

1111 !
Heavy metals, 1975-1978

NECREV

Violations of mercuty, cadmim, nd lead
tevels ate based on Critena for domesue
waler supply. Viclatons of arseniz levels ate
ased on criteria for crop imigaticn See 112
Or Critenia fevels, )

Dala are based cn measurements of otal
heavy metals, which include dissolved melats
and melals assceiated with suspenced solci.,

The 1975-1978 dala for mercury, arsenc,
and cadmium refer 1o the percentage of al
observalions in 1975-1978 which were in
violation of the criteria. In other words, the
Statistic mapped for each accounting unit is
he ratio of all observalions in viglalion
divided by the 1otal number of observations
from all stations in that accounting unit for
the 4-year period.

Data for lezd are for 1973 ¢rly. Lead carg

for 19751677 are not comparable 10 1378
data becz1ise of changes in measurement
lec‘hniques.

Years reter o waler years.
142 -««/

Phenols in Th'e":ﬁ)’per Ohio River basin
1368-1976 -

Environmental quahty—1377, Council on
Environmental Quaiity (Washington: USGPO,

1977), UPGRADE anaiysis of the U.S. Environ-

mental Proteclion Agency's STONST data,
pp. 246, 248,

The upper Ohio River'is the 300 mies,
between Piltsburgh and approximately Hunl-
ingion, W, Va, :

For 19681975, tile composite violation
rate was calculated from measurements al
14 State, local, and Federal sites, For 1976,
10 Ohio River Sanitation Commission stations
were studied.

The phenol criterion is 1 microgram per
liter in Okio an! 5 micrograms per ler in
Pennsylvania and West Virginia,

A

1143

Discharges to water, by pollutant
and by point and nonpoint source,
1977

“Estimzies of national waler pollutant ds-

£harges by potuling seclor, 1977, L. P.
Gianessi and H. M. Peskin, unpubiished -
1ables assavbled under National Science
Foundation 5rant SOC 77 15045, &s par! ¢f
the Ervironmental Policy Evaluation Program
of Resources for the Fulure.

Estmates made n Apni 1980,
1114 '

Paint source discharges to waler,
by sector, 1977

See 11413,

1115

Population served by municipal
wastewater systems, by level
of treatment, 1950-1978

1960 and 1670 “Markel for water ang
wastewater lteatmen! equipment’ K. [
Kolar, J. Water Polistion Control Fed. 51682
(1979).

1978: 1378 needs survey, conveyance anch
treatment of muniCiual waslewaler, Summaries
of technical data, US. Environmental Protec-
lion Agency (Washington: USGPO, 1979),
FRD-2, tables 7,8, 16, 26, 30, 44, pp. 19, 21,
37,57, 65,125,

Data for 150 and 1970 are o strictly
comparable 10 1978 dala because of different

. metods of data collections

]
In 1978, thiere were more than 20,000
wastewzter facilties in rperation throughout

" the couiry femoving some 75% (11 'milion

paundsiday) of BOD; and 78% (alst 11 miflion
pounds/day) of suspended solids. BOD is the
amoun! of oxygen consumed metabolically by
lest microorganisms in a sample i 5 days.

1978 primary lrealment also includes 2
million people who are served by waslewater
frealment systems that have no discharges to
suface waiers. ,

1660-1570: Data aggregated by State from
the 1860 an#ew censuses of population.,

An allemative to convenlional waslewaler
treaiment 1S land lreatment, where: waste-
‘water 1§ sprayed onfo field ¢rops. The water
peicolates through the soil to surface and
ground walers. Land treatment produces
effiuent simiar 1o or befler than ‘hatof
advanced secondary reatment systems and

.. usually costs less. In addition, two nutrients

In wastewater, nitrogen and phosphorus, pre-
mote agricultural growth.

g



Lakes

&

1116 .

- Eutrophication of U.S. lakes, 1975

Y

When large lakes are polluted, the
cause s ofters industrial and muncipal
discharges dumped dirgctiy into tribu:
taries. Pollution of small lakes and
reservorrs is largely a function of iocal
land use praclices—the disposal of
was'es, soil-erosion, and runoff of ferti
Wzers and g -sticides from farmland and
gardens. A major problem for many
small lakes is silting.
Lakes are subject 10 two special
. problems. One is toxic substances,
~which are brought nio lakes, become
. widely distributed, and can accumulate
in the tissue of fish and other aguatic
life. Wildiife which iive on ake fish and
plants may be threateped and are then
of I|!_11|ted use as a food for humans.
A second problem is the accelera-
tion of eutrophication—the natural *
agng of water bodies.

O

ERIC

Aruitoxt provided by Eic:

e

'.I\;‘.

Eutrophication may well be the most wide-
spréad problem of lakes. In the process of
eutrophication, nutrients and sediments B
increase, changing clear water to a cloudy

lake, a.swamp, and, evenlually, to land.

When it occurs naturally, the process
takes thousands to milons of years, but
hurnan activity accelerates i, nroducing
Ihe same elfect in a few decades.

Just over 85% of U.S. lakes may be
enirophying at-an accelerated rate.

Of the lakes exhibiting accelerated
eutrophication, neaily all receive waste
discharges irom industry and municipalities.

Even if these paint sources were wholly

controfled. less than half e aftected lakes -

would improve because majer contributors
to eutrophicalion are noipoint sources—4
agricutture, mining, forestry, and others.

Many lakes are undergoing accelerated

eutrophication, while others are becoming
overly acidic, causing a decline in bio-
logical éctivity. Acidic areas may result -
from acid mine drainage or from other
didcharges. Acidity also results from acid.

'pf_ecipitation, a ‘condition created by emis-
gions frorn smellers, power plants, and

other air poliuting sources. Since 1955,
acid precipitation in the East has increased -

- substantially. Acid conditions decrease

fresh waterfish production and agricultural
and forest yields. :
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Wafer quallty problem areas
of the Great Lakes, 1976

—

The Great Lakes are the largest and most
industrielized lekes in the Unitgd States.
Their adjacent counties are the home of

37 millon people, mer than 15% of the :

total US. and Canadian poputations: In

1978, the Great Lakes Waler Quality Boagd.

designated 48 major problem areas on the
US. and Canadian coasts. Problems in-
cluded high fevels of biochemical oxygen
demand and high concentrations of phos:
phorus, total suspended soiids, fecal coli-
form bacleria, and mercur ¥ lpad, copper
phenols, and PCBs.,

For Lakes Supenor Michigan, and
Huron, degraded condiions are most often

“associated with industrial and metropolitan

cenlers. The open watgr meels waler

qualy criera for fishing and swimming.
Lakes Erie and Ontario have many

more problem areas than ihe offer three

lakes. For years, untreated industrial and - °

“municipal wastes were dumped directly
into the lakes and their tributaries. Lake

Erie has improved Since 1972, when irdus-

trial pollutants from the Detroit River and
other sources were feduced, but phos:
phates and nitrates continue to be intro-
duced from poit and nonpoint sources,
The Great Lakes Water Quality Board has
~Icentified 17 problem areas in Lake Erie.
including Cleveland, Toledo, and the -

Delrol River—Lake Erie’slrgest fhulary.
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Toc residues In Great Lakes ish, " x IR !

1963-1976 |
b
Mercury " DDT * Dieldrin PCBs o
(Lake St. Clairt - § (Lake Michigan (Lake Michigan) | (Lake Michigan)
. ’ A ’ | .

.?“Wmmn © Patspermilon - . Parts per millon  Parts per millon

- 25 | 0.5 C 25 ,

Wal : Lake trout

% » 20 Bloaters -

2r |

Channel Y
calfish 191
P! 107 Lake trout
e o — '
Hock bass - Coho '
| : saimon ! (oho salmon
] . et A
. . Bloaters Y

. - : L .

O[__L_ n L i 1 ! L 0 1 L 1 1 l il Lt ! L 1 A (I [ . el I ) | T

1969 1976 1969 1976 .Oww 1976 %m “ 1976

{

o’

~——Food and Drug Admmistratlon § maximum allowable levels - .
,of pollutants in raw fish for human consumplion, o Lo '

14

DDT levels have decined i thfee .+ Since it was. banned for most purposes Residues of PCBs, class of per3|stent

For the Great Lakes as a whole, toxic
spacies of fish n Lake Michign. in 1974, ievels of the pesticide dieldrin industral chemncals are st above the "

" substances may be the most Serious water

qualty problem. One indication of the -  have ot chtanged signficantly, perhaps Federal gwdelmes in some fish species:
presence of oxic, substances s the resi " e because of continued use of existing Isolated sections of the Creat Lakes
dueg'in fish. The levels of some toxic sub- C v stock. It enters the lake primarly fom ~ have high concentrations of toxic sub-
stances are declining or are expected 10 \ agncultural unofl. . stances. Because many toxic substances -
decine but, in some species, evels make - | N ' - are ot wel monitored, overall water qual -
. fish unacceptable for human consumption. ' ' B o ity cannot be evaluated. -
Mercury s deciing in the lgke in which Y o \
it was most prevalent, Lake St. Clair, ' S o
oceled between Lake Huron and Lake , a : ‘ o
Crin Q | | | - ,
' : o "k




Sources and technical notes

11-16 .
Eujrophication of u. S. lakes, 1975 -

U.S. Environmental Protection Agency,
National Eutrophication Survey, unpublished
data.

Data inciude 175 of the 775 lakes studied.
The 775 lakes represent 6% of the 13,600
inland lakes and resérvoirs which qualify as
large water bodies.

The survey may be biased towaid |drge
water podiss {(more than 100 acres) impacted
by rnunicipal wastewancr discharges. In the
East, 3elected lakes were.impacted by one or
mare municipal sewage treatment plants.

1117
Water quality problem areas
of the Great Lakes, 1978

Great Lakes water quality: Seventh annual
report to the International Joint Commission,
Great Lakes Water Quality Board (Windsor,
Ontario; International Joint Commission, -
1979), fig. 2.6, p. 20. - :

" 1118" ' :
Toxic residues in Great Lakes-fish,
1969-1976 a

U.S. Fish and Wildlife Service, Great Lakes
Fish Laboratory, Ann Arbor, Mich., unpub~
lished data.

The Food and Drug Administration’s levels
are not strictly applicable to these data
because the guidelines pertain only o edible
portions of the fish and Fish and Wildlife ~
Service analyzes the whole fish. Concentra-
tions in edible portlons are <Ilght|y lower than

\ in whole fish.

The PCB level is under review and may be
changed from 5 parts per million to 2.

~ .

;1;#.

e
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Ocean dumping of U.5. wastes

OCeanS ( . by berge, 1951-1978 F . :
The bays, estuanes)md $eas receive Lo ' |
walers from Tvers and streams along
" wih niatemls Ihal are deliberately
i mped, Forlunalely, the sea is able 1o _ 17
diule and neulralize many types o
wastes. Coastal waters cannol do as
well There—where many finy organ-
isms, shelish, smal fish, marine
mammals, and walerfow! live and
breed-—poltutants can build up o harm-
luf levels, B
As the quelty of water in the Nation's ,
rvers impraves, <o wil that of bays:and .
estuanes. For the ceans, mostprotec-
ton eflors arg amed ai feducing he,
.~ amount ang type of raterial dumped
directly nlo them whiher by accidént
*" o onpurpose. ' B

' Milion long

Total U.5. -
(excludes
dredged
material)

Sewage slﬁige ,

Industrial

‘ 2 . . - '
o - —,,.--'"‘".Wclion
. o . l ' —

. o Lo 180 | 1960 . 1970 ’ 1980
Ocean dumping is currently used to fertiization of piant lfe, and physical Since 1973, when a requirement for
dispose of industrial wastes, sewage changes in the habitat. By lavi, all g permils came into force, the amount of -
sludge, garbage, construction debris, sludge and harmful indusirial waste wastes +{umped in .S, coaslal waters .-
derelict vessels, and dredged material. dumpirg in the oceans from barges has decreased substantially, Most of
(The latter accounts for abothO% of must cease by 1981, - ! ", the change has resuled from the ‘
the total amount dumped in the ocean) . I . decreased dumping of industrial
“Wastes are bored o specifc stesor Ce . wasks. N

et through ¢ Ml pipes. The dumped  + : o L ,Ff"'
wasles severely affect mari ffe from | | S N
44;} ,joxacny. oxygen depletion, accelerated o ' '43 0 : .
‘ , . py

- H L3 - .
. ‘ . : . } LS ,
B} . . i 4 . ' ' - ! . ' A T
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Oit spills In U.S, waters, 1971-1678 | .
Thousand mcidents ‘, * ilon galons spillgd \
| 25‘ | 25r . N
' !
) . "
\

|
1 15}
! ’
|
‘i | |
il 10}
|
.
El o ‘
5 5

|
| : | . N\ .
{ .l...._._... + " i L J O . . L A. = - ‘ -
: 1970 1972 1974 1975 1918 1980 1970 WH 1&4 1976 1978 1480

Oil spils continue to increase in
number, but he size of the spills varizs

widely. A few iscidents account for the

majosy of ol spiled i given yeer,

Between 1975 and 1977, an averageof - . , o
17 spills accounted for 65% of the tolal ' g | .

amaun! spiled each year, b ’
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Toxic residues In coastal mussels
and oysters, 1976
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~*Qogan dumphg and ol spils are only o '
. of the more dovious sources of 0cean
pollution. Most ocean pollutants come from
ersd sreams and ectrunof fam
the land. They are even more, difcul 1
" measure.
The presence of a few key loxic sub-
. slances is being montored i mussels gnd
" ooysters, common élong fhe ccean Coasls.
A1 106 locations. samples dre taken for -
the measurement of DDT, PCBs, and lead.

: —_5!25
- Q1
L.

DT concentratins ate extremely high
. atonly one site—San Pedro Harbor, Calk

fornia, a reminder of’ an environmental
~ problem thal was once widespread.

i

i 1"}» . PCB
' 4"‘ ! : - .’,"
. e |
P R
: ‘I \ -4 \ g
\ ! . v eyt
AR A
G,'__'l" v e . ;5[', ¢ ! ‘
o R
Vo 9\ "0""" N
P @ Concenlraton
L L {pats perbitor)
PCBs are found in areas of idusla
aciivity and high popultion densily. Hot
spots—areas of high concentrations—are
" found on both east and west coasts. Levels

of PGBs above 500 parts per biion, for

example, reduce the growth potentia of , .

mussels. o , .

o ]
' b
!
P ]
55 .
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Sources and technical notes |

Lead

Levels of iead. fike PCBS. are most
highty contcenirated i ncustrial and
densely populated areas.

Concentialon
(parts per bilon)

Fighrhinary data for 97\731?}4978
show nc marked changes in levels of
DO, PCBs, and-lead along tfiese coast
lines, But a Marked reduction fiom 1071

‘evels of DDT and PCBs is apparent along

the Calilornia coast.

1119

Cotar dumping of US, wastes
t unrge, 1951-1978

1951-1968; Ocean dumping, a national
policy, Council on Envitonmental Quality
(Washinglon: USGPQ, 1970), pp. 3, 8.

1973-1978: Annual report 1o Congress,
Jan.-Dec. 1978, on adminisiration of the
Marine Protection, Research. and Sancty-
arigs Actof 1972 as amended (P.L. 92-532)
and implementing tne Infernational Or:-an
Dumping Convention, U.S. Environmes..2|
Protection Agency (Washington: USGPO,

© 1979, pp. 16, 16A.

Data for 1951-1568 may not be siricty -
comparable'lo data lor 1973-1978. Specific
permits ware not required for.ocean dumping -

before 1973, Data for 1951-1968 may under-

estimate the amounls dumpad. Totals for
1951-1968 include radicactive wastes and
explosives. Totals for 1873-1978 inclug's
incineraled wood (18,060 tons in 1978),
Construction debris incluges. masonry, tile,
stone, plastic, wiring, piping, shingles, glass,

cinderblock, lar, tarpaper, plasler vegetation,

and excavation dit.

Outfalt pipes carrying wastes ‘o sea lhrpugh
pipes pften as long as 7 miles a.e localed
primarly near urban areas on the Pacmc
coas! a

11‘.!0 .
0l sphis inUS, walers 1971 e

1971-1972: Polluting mc;dems I g

©around U.S waters, calendar year 1977, US.

Coasl Guard iWashington, D.C,, 1976), p. 23.
1973-1976 -Polluluig incidents in and
around 1S, walers, calendar year 1977 and

197, US. Coas! Guea [Washinglon, D.C.

1980), 0. 16

Data are cornpled fiom e US. Coast
Guara'$ Pollution Incident Reparting Syslem ‘
(PIRS). '

Areass include the Great Lakes, ocean
waters wihin.200 mies of the coas!, and
mland waters (river channels, harbo:s, 2ic.).

- “All major sources include vessels, land
vehicles, noritrangporlation-related faciities, «

ripelines, marine faciliies, and land facilities.

[

- £nvirenmental Research Laboratory,

- virginica {ast and Gulf coasts) and Ostrea

12
Toxic residues in coastal mussels
and oysters, 1976

US. Enviroumenlal Protection Agency,

" uissel
Watch Program, Narragansett, R, . sub-
ished dala,

- The EPA Mugse! Waich Program measures
10xic substances in bivalve molluscs. Four

" species are used: mussels are Myliuz edulis

fwest and east coasts) and Mylilus califor-
nianus (west coast), oysers are Crassostrea
equestris (Gul coast). )
On the maps each circle represanis the
concenlralion in one sample at ¢he station.

- A sample consists of about 25 mussels ef

oysters of the same species.

For 1976-1978, more than 100 samples
have been analyzed each year.

Preliminary dala for 1977 ang 1976 show
rio marked changes of he substan es
teported. _

The program will make a complete collec:
tion of samples againin 1981,

DT tefers to is derivatives DDD and DDE-
only,

All concentratiors are maasured in dry
weight.



Chapter 12

L 4

-y .
i~ Even the besi known pollUta-ﬁts—5quur )
dioxide. carbon monoxide, hydrocarbens,”
nitrogen oxides, and suspended particu-
iates—occur naturally in the atmosphere.
The air 15" said to be polluted when levels
of these materials are harmful to life, ¢
cause damage 1o materals and structures,
or impede visibility. Excessive levels are
usually caused by chemicals. smoke, or -
: loxic substances that arg the byproducts

of human activities. Wind and weather and

natural chamical processes disperse and

distribute the pollutants. '

In the past, air pollution concerns cen-
tered on reducing soot ans iy ash and
other products of soft coal combustion.
‘They have been significantly reduced by
technological changes, environmental con-
trols, and reguiations. Emphasis is now on

" carbon monoxide, hydrocarbons, nitrogen
® dioxide. lead, and other combustion prod-
ucls af motor vehicles. Sulfur and nitrogen
oxides, hydrocarbons, and tox . *:lances
_from industr-al and comme:cic ces
' shll cause considerable probema.
) ' The Clean Air Act of 1963 set in motion
a nationwide, Federal-State program to
achinve accéptable arr guality. Amended
N in 1470, ine-act required achievement of
national air qualty standards 10 protect
Fuman health by 1975. The 1977 .amend-
menls -«tended the deadliffé for attain:
e menrt o- ambieni air quality standards in
.t rmost ar a5 o 1982. More stringent sec-
" ondary .landards 1o protect vegetation,
A aesthe . values, and property were 1o be
¢ ~ _achieved within a “reasonable time™" as
. determined by the Environmental l"rotec-
tiors Agency.

o 45y

O

ERIC

Aruitoxt provided by Eic:

 Air Quality

Air quality has been improving. The
numter of air peliution alerts has been
reduced. The large amounts cf chemical -
pollutants coming from indusiry have been
reduced, and emissions from the worsl
offenders have been markedly curtailed.

-But much remains to be done in cities
and elsewhere. There is growing evidence
that wilderness, parks, and cther pristing

_areas may be threaiened by ai( pollution.

!

. . 2n
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124 .
- Criteria and noncriteria air pollutants

.

Al polulants rang from completely odor-

s Arg COloriess gases SUCh & carbon
mencude 10 nighly vsble dense smoke

and soot composed of suspendad particy-

[ales emitted from smokestacks. Some
ooliutanis are Rignly toxic In minute
amounts~iead, asbestos, and beryhium.

very high corcentrations, ¢
" The US. Envircnmental Frizchon
Agency classies pofulanls in two ways.

“Those for which the levels and length of

exposure adversely allaging human health
anc welare have beerCelermined are the
criteria pollutanis. They include carbon

ales, rirogen doxids, zrd lead. National -
amrent ar quality standards have been
sed for eaeh of the criteria pollutants to
orofect human healih and welfare.

Polutants about which ess is genefaliy
known and for which national ambient &
- qually standards have not been setare .,
nongriteria pollutanis. Their con rolisno .
less important, however, The,( nclude vmyl
chictice, mercury, berylium, astfestos,

* henzene, and other hazards .3 substances,

Otners sucst ag carbon monoxide can monoxide, hydrocarbons, photochemical !
cause neadaches, anging attacks, and al  oxide1s, € ur dioxide, suspended partiou
L} ‘ "‘
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Pollutant Standards index values, ' ' o
pollutant levels, and her#h effects . : '

QOre meas.re of arr cually is ine Poran! oznr;é,..suifur dioxige, toial suspered par - Cignd poitant at one xiation 1€520es &

Stangards Irdex. 1t is 8 highly Summarized toulates, and nitrcgen Gioxide. The PSlior  level udged 10 nave aderse shortdgrm
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fwerage i ant Standards Ingex - AN L
in 23 Siawn w1d Melropolitan Statistical Areas, _ |
19741978

Rt qualty 1 many magr metropeiten -
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Polhtant Standards Index

in 24 Stan,* Metropolitan Statistical Areas,
19751678

Ait DOHLLan N Meiropoitan areas, &5
measutid Oy {e Peliutant Standards
Inges. vares wigely. Q! the 24 SMGAs ‘e
wiich at =ast 9 years’ cemparabie dala
e gatans LS Angeles registered the
mosl uaheallr il ;. Carbon monoride
ang prelochemical Oxdants, emitted pri-
maty oy MEie vehicles, were ceneta./
tespanstie for tasng the PS1 above 105
¥ ase 21eas

b

}

" ' 46(}

g 3

e 4

Y
.
7/
A
Shintervals

 hazadous
TIVER

i
} Vary Lateathiui
S D) g 30
{

i

LU Unnagltehy
o Lpst o

" Far o

o D5 ambprase
Whra PR nr. INeNeS

PR——

0

[
1 !
~r ) !
I"JUT | |
[
]
o |
100 } |
! R s S
—— :
EhL | i
J‘:J“ | i .
. ! ‘
" | i
] L

50 Francisco

Days per yers e POLimervals

300

Seatle - Everetlt

DA e ; el
g s carygar i PSLinterais

T

i

IR RS IS T IR T
.

Sacramento
Déys per yedr in PSI inlervals

100 ,

A
‘;T("@L '
10
I
A
A
e
I b P aamre { |
T 6 1007 1978
.
l;l“.
"';,



Los Angalzs Lo San Diego - Denver | Kansas ity -
S ‘ : . : : A
Days -per yea n P3| mxerval.s Days.per year in PSI intervals Days peryear in BSlintervals | Days per yegi inPSl ntervels
0 300; 100+ 300+
- ; C .
i | L
20 | b N 250+ 250- 250+
200; ™o L N 200}
| ‘ | 1M i
" * - ' ' ‘ |
150+ ENE 150} 1180 S O B
:  p— = ’ l A
100+ 100+ 100} = | 100} §
| N |
. sl i sk || 50+ ,
. ] ¥ .
1 .
| ~ L ‘ s O' ﬁr—b—ﬁ
19731974 1675 15761877 1978 19731674 1975 1975 13771973 1273 1974 1375 1375 1677
' San Bemardino — : B ! o '
Riverside — Ontario (California) Salt Lake City * Houston St. Louis
Davs per year in PS| intervals Days per year in PSI intervals Days per year in PS| intervals . Days per yeer in PSI intervals
300; L wor 3007 o
. - Vo
250+ ' 250+ | 250+
m )
2004 ™ - 0 C o '
R moam . L2 -
B Lo
} o 150+ P . 150
e e
I o RV [ 100}
50 50} {‘ 50+
/ : |
| !
0 v \‘s L <0‘
1973 1974 1975 1976 1977 1978 T (0734074 1975 1976 1977 1978 :
, ‘ ’ ’ LY .
) -

== dfy un . - R 1_ - Apg o m



124 cont. | ‘ ]
Pollutant Standards Index - . ,_ i,- . .
in 24 Standard Metropolitan Statistical Areas, : | ) , -

1673-1978 RN ]
. am '.--v-\p-.-;un,-w....u,._._—.———-m-Ow T vk e, Pt »
' I . .
‘t
Wiz ukee o Chicago Buiiale Syracuse ’
Dy gof year 1 P8I ntenvas Days per yzar in P At S Dags pat yo 15 i Days per year n PSImignve's
ke . 300 - 300+ 3 ‘
. ; : [ ] N
‘j $ 2
e 250 250+ 250- .
¥ | eannn) '
e
: T N 20 229- ¢ .
I — pr :
N
iR 5G| 150- ,
1‘ I
101 e 100,
! : : i :
n. - [ e
our 50,‘- | 2T .
| . | | .
Hnlinnk | | —
[j\‘*— 0 ) reental” !
‘ RIS ik 7040740 VRS -Hmu..u 475
\
\. ' ! ' H . ' . ' H ’
Memonis Louisville Cincinnal Rochester
‘ S
Days oer year m PSIinenas Days per year n PS! intervais “‘Days per yeai n PSI intervals Days per year in PSI nlervals
300 ‘ r - 300r 300
i d ; = : .
75 250+ 250} 250+
/ 200: 200¢ - 200¢
| T . |
R . 150+ L 140; , 150+
| E ey | '
100 3 1 S SR T O \00. 1001 '
' q | F . |
: - . . \ !
A0 30 , . \ ;- 50
i . ' i
‘ ! . ' : ’
‘“H"r‘r] Al 1 e
O”‘) O‘ - ) J OL- r O[ ol —
ATARETEREIN a77 1497 1973 1974 1975 1GIR 1977 1978 STARKIER T AR ALE Card ATy 1076 1677 1678
. ‘ . . L
. ' v
Is ‘1- . [ . . , ‘i~ ’ ,




5 ]
Priade b New Yor
* Dy DRI EAD P81 mienvaly Days per year 28| ntervals SGIBCTEG SMSAS
LT KIS,
o NAVAV .
\ LTIy
e u r m ]
.{l'JU 230 " .",Ju"-d,]'
B ’ w',,ll,‘«.eﬁ""‘
st ugeatt
2 . 200t L T ] B Ry !
s | ] _ mf,a;}b ‘?"aw
ARSI o VRO E = Sitne ,Vm. T U 9
oF - v o St ' . ps™
i ' o0
- ‘ - o Frsiore S
HEl ‘ :1 100
_..L ‘ 'r.' i
™ ‘ | T—J ] ool . \\
R ] | N '
| L | 1 ' )
o i . {0 .
v PRSI RN RRTE 0 1975 1975 1977 1374 : r 33. s
i % s P
73"4"; o
Washingten, D C. Tampa ~— St. Pelersourg
Days per year n PSHnlervas Days per year in PSI intervals PSl intervals
300 300, :
’ Y } ‘. Hazardous * .
| PN K B4 (PS> 300)
zboir 250+ ‘ '
' : ' | |
‘ ' Very unhealthiul
I | 0> !
200 200 1 PS! = 200 to 300)
1501 . n 150 - —
B o :
ot E 100+
3 . Unhealthfut
R — - {PSI = 100 to 200)
«L)U‘* i 50' ' T
T - A
; . !
a - ppo—— |
e g TS . TS 1 T . '
. , .
b .
O ‘ \ . v
EMC' 4 ‘ 209
! - — - ‘m
| Fy . (3
" vy
P v



125
Nationa! ambient cardon monoxide
concentrations; 1972-19718

126
Kational ambient ozone
eencentrations, 1972-1977

Yy

Carbon monoxde is the most Lhigu
air polutant. CO is formed from e

olete combustion o fueks and thef caron- -

containing substances, CO concentrations
are usually highest in down'own aress c!
major cilles, where tail buldings trap rotor
vehicle exhaust fumes.

1976 1978 1980

[+ tlevels of CO generally improved
Guin:; sne 1970s. Measured al 183 mon
loring sites, varbon monoxide concentra:
tions geclingd 352 between 1972 and
1978.

Wicaprams per gube mefer
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Photachemical axids ' ‘orm when hydre-

- carbong and strogen cides combing in

the presence of suniight. The result is
"photochemical Smog—czone, peroxyacety
nirate, acrolein, and & host of other
undesirable products that irntate the eye
and cause 1éspiratory dificu*es.
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49, particulidy 11 e Los Ageles -
hasin, has been rerngnized s an air pelly

_ tion pyoblem for years. Since the early

1960s, the amount ¢f photochemical o
dants in the air has decteased substar
fialy, but outsde Cafforie. whetg 12
PICHIP %5 e 8 €70 (and cala
01" 1 81, g gmralions have incte T
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National ambient sulfur dioxide
concentrations, 197251977

ra

128 o
National ambient total suspended
pa'niculate concentrations, 1972-1977
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Nationally, sulfur coxde leve's in the air
decreased 16% between 1972 and 1977,
Aimost all cities are now able to mainlain
lgvels welt befow the amoient air quallty
standard of 80 micrcgiams per cubic
meler.
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1870 1977 1974 1676 1979 1980
Total suspended particulate concentrations ‘ :

decreased by 8% between 1972 and
1977 Most changed were the areas wiih
very high readings. For sites with tofal
suspended particulate concentratioris
exceeding the annual standard of ¥5

" micrograms Der cubic meter, 77% Showed

mpse semet since 1972. : ‘ ‘ ¢
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 Ambient ritrogen dioxide
concentrations, selected areas,
1921571 &
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12: 10
Ambient trace metal concentrations

in 92 urban areas, 1965- 19.74. A

Other pollutants are released into the *
atmosphere daily, Most are not hamiul fo
humans ang other Ineﬂal’(;oncemranons
that ar psually found i1 the air. But the
amourls bleathed acued lo lhe amounts
consumed in fod andwaler can be
harmful,

Some of these substances are metals
Lead, for example, ¢an cause pmsmuug
Nickel, cadmiurm, chromium, andl vanadium
are all implcated as carcinogens. These
glements are also calalysts for lhe'atmos \
pieric convprsnn of sullur dlonde o stk
lales—which are befieved lo aggravate,  *
Tespiralory disease, reduce lung function,
increase mortality, form acid rain, and -
{educe plant Qrowth

Metal concentranons have’ geneaily
declined in the urban areas for which data *
are avallable. The detrease in lead levels
since 197 i a function primarly of lead
free gasoline use, Cadmium reductions

‘may be caused by control of panlculale
emissions from the metals ingustries, and
feductions of nickel ard vanadium are a

| ﬁnclion of thevemoval of sullur in fuel ois
and the use of low sulfur ol
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241 | c
Acld precipitation .
in the eastem United States,
1955-1973

Lk}

Although clean air goals began with con-
cern for human health, they also.encom:
pass concern for the long-term effects of
air pollutants on human welfare and on the~ .
normal functioning of the gcosystem. Some -
~ long-term eifects are becoming appar ent

* Acid précipitation is one.

Rain and $now thal are very acide ae
"Ihe result of high concentrations ‘o sulur
dioxide and.nitrogen oxide which have
been converted to sulfuric and hilrc acids
in the air. Acid rain adversely affects
materials, vegetalion, and agriculural and
forest yields in areas far from sources of -
the emissions, Most noticeably, acid pre-
ciplation is creating such highly acidic *
conditions in small alpin lakes that fish
and other aquaic life cannot survive.

The acidiy of precipitation is increasing.
Highest in the Northeast, tis spreading
into the Midwest and South. pH is @ meas-
ute of the'hydrogen.ion activily in water. A
pH of 7 indicates neutralty, below 715
acid. and above 7 is alkaline. A decline. -
from pH of 6.0 10 5.0 s équivalen! to 8

10oid increase in acidity.

,”‘

Average pH of \

)

annual preciplation

 Minmum ngt :hown
A 4

43
N 46

50 '
56

Maximum not shown
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LML
Carbon mcnoxide emissions, 1970-1877

Jeasures of ambient air quality indicate
orditions of the air, Measures of emis- +
ions indicalg. materials going info the air
To limit pollution, steps must be taken
o prevent emissions of materials at their
ources, Sources may be mobile or
tationary, There are about 150 milion
miolor vehicles and more than 200,000

fationary sources (power plants and other

ndustries, solid waste dumps, ahd
sommercial establishments, for example),
1 lgas! 23,000 of them: major pollutors.
“ach major tatonary Source emits more
han 100 tons of air pollutants each year,
Yfher statonary Sources are forests and
structural fires.

Aulgmdbiles-produce the largest amount
of carbon monoxide. Reduction of CO
)z(nissions from lale modet year autome-

biles has been offset by a 34% increase 10y

/\/—— Total

since 1970 in-the number of vehicles on
the road and-by an increase i Ihe, number
of nills driven. Without poiution contrals,
the total carbon monoxide emitted wouid
have increased significantly. .
Overall, CO emissions have changed

100

\ Mesnce 970, -~ . 90

| //’\_/""" Transportation

60}

40

0

80}

10

30t

Milion metric tons per yeu

= Other
ndustrial
L
L }"1 L L r f
W0 to2 o4 1916 A4ere 1980
485



1213
Hydrocarbon emissions, 1970-1977

Million metric tons per year

=40y ’ _ : ]

\/———_\/\ Totai

25

15+
m— Transportation
101 Industrial
Other
51 a
O 1 1 1 1 3 1 L 1 1 1 i
1970 1972 .- 1974 1976 1978

- !\J
Hydrocarbon sources include motor
vehicles, industrial processes, gas stations,:
household organic solvents, even natural
sources.

Since 1970, total hydrocarbon emis-

sions have dropped only slightly. The
decline in transportation-related- emissions
is related to pollution controls on vehicles.
The increased industrial emissions in 1976 . :
reflect increased production, since 1975.

ERIC
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litragen oxlde emissions, 1970-1977

- , oMb

farogen oxide emisslons from
stationary fuel combustion sources,
by fue) type, 1970-1977

—

Million inetric tons per year

Million metric tons per year

30 0
25 Z5¢
Total ‘.
}
20 — ,,
.—"’/’ “ '
,,/ ) §

15t | T

. Stationary fuel - ‘

/ \/ CmeU_Stion
1r ' | “ . Coe 10

/‘\__/‘ Transporiaton

: | - Coal
5} . 5| :;/,.-;—-—a-.../‘“‘“ e Natural gas
Ol ,
- .__.——'"—'-——_

- —r Other , . . ,
0 | L 1 A4 L 1 il | { 1 ] ) . 0 ‘; i - .l 1 ) L Il 1 ol

1970 1972 1974 1976 1978 1980 1970 © 1972 1974 1976 - 1978 1980

o 8 . .
Nitroger'\'oxide's come from both stafionary The pollution contra equipment on motor  Use of coal o fire afers for genératibn of .

sources—electric utlities, factories, resi-
dences—and mobile soucces. Levels have
ncreased 18% since 1970 because high-

way travel and use of electricily increased -

. electricity is primarily responsidle for
increased itrogen oxide emissions. -

vehicles produced before 1975 did not
substantially affect emissions: Levels are
expacied lo change when emission control
‘devices are required on all new molor -
vehicles. _

-




1216
Sulfur oxice emissions, 1970-1977

1247 -«

Sulfur oxide emissiuns from
staticnary fuel combustion sources,
by fuel type, 1970-1977 -

Million melric lons per year

1980

AN e ol
\‘ e
25
Stationary fuel
e combustion
20
154
( i
10+
5t .
. Industrial
0 ! . 1 1 i L I - 1 L 1
1470 1972 1974 1976 1978

* Sullur oxides are efitted during combus-
fion of coal and residual fuel o, from
metals smeling, and n thg procction of
such basic chemicals as sulfuric acid
Emissions have decined about 8% since-
1970, primarily because of controls applied
by the smeling and chenfical induslres.
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Eleciric uiities used 49% more cdal and

8% more oilin 1977 than in 1970. Just
to maintain suflr oxide emsssions al their
1970 level required use of low-sulfur coal .

and oil and the control of stack gases.

O
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1218 1218
Total suspended parliculate umistions, Total suspended particulate emissions
1970-1977 from Industrial sources, 1970-1977

Million metric lons per year

307 & i

25* Mﬁ«w
' \

207

Suspanded particulales are primarily emil
led during the combustion of fossi fuels.
Since 1970, total suspended particulate
emissions have been reduced more than
40%. The reduction comes from use of
control equipment in coakfired electric
utilties and in industry (industry now
removes approximately 88% of thé par-
liculalei llhal il-produces), use of less coal

Ind_uslrial
Stationary fuel
combustion
.‘WM N
~ e e () D
0 A i L )l 1 1 1 L ) 1 .l
1970 1972 1974 1976 - 1978

1980

in small industries; and from less open
burning of solic wasles. - ’

| )
Millcn melric tons per year

30¢

25t

Mineral producls' ' ,
Industries, lotal

5.
Metas Chemicals
Other industrial progucts % Peliuleum |
0__ - " el T 1 [ |
1970 © 1972 1974 1976 1976 - 19680
. Comroleqﬁipmem in the mineral products ~ +
industry—stone, clay, lime, cement,and . f
glass, for example—is responsible for the
big reduction in total suspended particu-
late emissions. -
‘ ”492
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1220 kS R 3 . . .
Compliance d?glas of major stationary C ) )
air pollution seufces, 1975-1979 ’ . :
Most major inddtrial sources of air pollu- ’ i o g
i tion ave in compliance, with Federal and . : -
State staridards. In /1979, 88% were Percent of all plants:
meeting i ission limitations, and 4% had 100 . o
plans of-Wern ~urchasing equipment 10 do
o .
so., 7 L . Unknown
’ 90t .
2
PR [ In violatlon
60t
S,
) 50} : .
sl aof ' ;
. In compliance
30 . - _
20
N 10 . - 3
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Compliance status of major st2tionary : .
<air pollution sources, by industiy, . | :
1978 . P

0f 13 mayo: ndustaas, the won and steel

< Incusiry has the lowes! paicentage of
plants in compliance with emission
limitations. '

. | Jlal major stationary sources (5.472)°

/

Iron and steel mills (53)°

b

Frimary smelters (27)

E At
Coal--and oii-lired power plants (523)

Municipal incimeraters (870

Pulp an'd papet milis (247)

"
u

Pelroleum refineries (232)¢

’

. Aluminum reduction plants (49)

BN

Portland cement plants (200

Gray iron foundries {432

Sulturic acd plants (261)

W ‘

Phosphate ferliizer planis (110) "

~Coal cleaning faciities (365) :

. Asphall concrete plants (2,746)

pu——

1 I L A o -

. 0 10 20 0 40 50 60 w80 . %
' ' ) - Pecent

Yncludes 6 plants permanently shut down and ¢ plant
with no State implementation Plan

"ncludes 1 plant with no State Implementation Plan
‘ ‘ R, “Includes 4 plants permanently shul down |
In compliance _ Inviolation ' Yincludes 2 planis permanently shut down.
v 49‘1 ) , . ! l L . ‘ v
e : ‘ o R . .

o j0- . 293
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Sources and technical notes

121 .
Criteria and noncriteria
air poltutants

Frnvironmenial qualty— 1975, Councit on
+ raronmental Quahty (Washington: USGPO.
14/5). pp. 300-303. 328-331.

Aur quailty criteria for ozorie aid other
pnorochemical oxidants, U.S, Envire ~nental
protechion Agency (Washingten: USGHO, ’
1979) ’

Air quality critena for lead. U.S Environ-
mental Protection Agency (Washir jton:
USGPO, 1978).

Aw qualty criteria for carbon monoxide,

U S Environmental Protection Agency {Wash-
wgton USGPO, 1980). '

~An quallly criteria for oxides of nitrogen,”’
U S. Environmenta! Protection Agency, draft,
June 1979, 7 T
. ,U$ Environmental Protection Agency, un-
publistied data. ’

Y

12.2 .
Pollutant Standards Index values,
poilutant levels, and health effects

Guidelnes for public reporiing of daily air

- gusality —Pollutar.: Standards Index (PSI), U.S.

Environmentai Protection Agency (Research
Tuangle Park, N.C., 1973), EPA-450/2-76-013,
OAQPS 1.2-044, table 3, p. 10.

123

Average Poliutant Standards Index
in 23 Standard Metropolitan Statistical
Areas, 1974-1978

quiA-1978: Environmental quality— 1980,
CEmel on Environmental Quality (Washing-
ton: USGPO, 1981), pp. 148-152, bagéd on
lhe U.S. Environmental Protection Agency’s
an quahty data bank, SAROAD (Storage and
Retneval of Aerometric Data).

A Standard Metropolitan Statistical Area

_~{SMSA) is an area with an urban center of

O

50,000 persons of more, including the county
containing that center and any neighboring
counties thal are closely associated with the
central area by daily commuting ties. SMSAS
contain not only urbanized areas, which

. occupy only i0% of the land. but also open

space, forests, recreation areas, parks, and
cropland. )

RIC

Aruitoxt provided by Eic:

The PSl values are ana-  je o! ...
SMSAs which were included because aatz
were avalable. New York was excluded
because comparab'~ data lor 1974 are rot
availabie in SAROA . Other major SMSA
may have many days of unheaithful air, but
comparable data for 1974-1978 are not avail-
able in SAROAD.

The PSI analysis for 1973-1978 is based
on standards applicable during 1979, not on
standards applicable at the time of monitor-
ing. The primary standard for ozone was
relaxed in 1979 from 160 fo 240 micrograms
per cubic meter per hour. )

In addition to the tive criteria pollutants,
the product of sotal suspended particulates
and sulfur dioxide’is included. Other poilyt:
ants for which standards have been set can
be readily added. Although lead is now a
criteria pollutant, it has not yet been incorpo-
rated in the PSI. ’ '

. ‘ -
124 . .
Pollutant Standards Index in 24
Standard Metropolitan Statistical
Areas, 1973-1978

1973: Environmental quality— 1978, Councii
on Envirenmenta! Quality (Washington:
USGPO, 1979). pp. 15-17, based on‘the U.S
Environmental Protection Agency’s air quality
data bank, SAROAD (Storage and Relrieval of
Aerometric Data).

1974-1978: See 12-3.

In 1978 in these 24 SMSAs, photochemical
oxidants were the primary poliutant in 15
SMSAs; carbon monoxide was the predoms
nant pollutant in 6 SiiSAs.

Total suspended parliculates and sulfur
dioxide caused high PSI readings in Chicago,
Cincinnati, Salt Lake City, and other major
industrial centers, but rarely do these read-
ings exceed more than a few days per year.

125
National ambient carbon monoxide
concentrations, 1972-1978

U.S. Environmental Protection Agency.
Office of Air Quality and Standards, unpub-
lished data.

CO. oxidanis, SO,, TSP, and NO, data are ;
from the National Aeromeiric Data Bank
(NADB). ’ .

Data collected at tixed mcnitoring sites are
reported-quarierly by local and State govern-
ments. .

Annual comnosite averages of CO are '
basey ~r Haiiy B-hour measurements taken at
183 urban monitoring sites. Sites selected are
those with at least 5 years' data. -

12-6
National ambient ozone
concentrations, 1972-1977 ;

National air quality, monitéring, and emis-
sions trends report, U.S. Environmental Pro-
tection Agency, Office”of Air Quality Planning
and Standards (Washington: USGPO, 1978).
EPA-450/2-78-052, fig. 3-6, p. 3-12° '

Trends are based on the average of the
90th percentile of the hourly measurements
taken from April through September.

Many sites are monitored only guring this
peak pollutant season when ozone values are
highest. Of the 226 sites. 59 were in California.

127 i
National ambient sulfur dioxide
.concenirations, 1972-1977

See 12°6, tig. 3-5, p. 3.8.

=
Trends are based on the annual composite
average of daily 24-hour averages; Data were
collected at 1.233 monitoring sites.

128 - . . 3
National ambient total suspended
particulate concentrations, 1972977

See 126, fig. 3-2. p. 32

Trends are based on the annual composite
h T oy
average {geometric mean)}g! Haily 24-hour
averages. -
Data were collected at 2,707 monitoring
sites. -

A



124
kmbien! nitrogen dioxide concentrations,
selected areas, 1972-1977

See 126, g 311, p. 318,

Sites were meluded it they had &l jeast 3
vears data wilfi al least 4,000 hourly obser-
valions per year.

Trends are based on anr .1l composite
averiges of hourly me: v -ments taken al 56
urban sites. 23 Cai. . (Los Angeles
County, 9, Orzinge-County, 2; Rwverside, San
Bewnarding € 2unties, 6: San Francisco Bay
arex, B) and = outside Catforma (Cleveling,
18; Lowswilie, g; Allanta, 6).

1210
“Ambient trace metal concenifallons
in 92 urban areas, 1965-1974

Nationgl rends in lrace melals in ambien!
atr, 1965-1974. 1) S. Ervironmenlal Protec-
lion Agency (Washinglon: USGFO, 1977),

‘op. 8.9 '

~ Data were taken from the National Ar
Surveilance Network (NASN)

Trends are based on the annual average of
the 50th percentile median from 92 urban
figh-volume stations in 92 center-city and
SubUIDn business areas. '

Excepl for lead, there are no ambie:!

, Standards proposed nor 15 fhere consensus
as 1o what concentrations may be harmful 10
human heaith, -

Recent data for vanadium and cadmium
canno! be detected in smaller concentrations.

1211 .
,Acid precipitation i in'the eastern
United States, 1955- 1976

Based on “Acid rain,” Gene E. Likens,
Richard R. Wright, James N. Galloway, and
Thomas J. Buller, Scientifc American 241(4)
4351 (1979), copyright 1979 by Scientific
Amencan, Inc., all rights reserved.

12-12t0 1219
General note on emissions

v Data are compiled from the U.S. Environ:

rhental Protection Agency’s National Emis:
sions Data Bank (NEDB), ather EPA data
sources, and othier published sources.

States arg reguired 10 report semi-annuglly.

Dalz are not limited to major metropohtan
areas but include point and areal Sources.

Transportation includes highway vencles,
arrcrall, rairads, vessels, ang miscelianeous
mcbile engines such as farm equipment,
industrial and conglructon machinery, lawn:
maowers, and snowmobiles.

Stationary includes all el combusnon in
borers, stationary intesnal combuslicn en-
gines, and other stationary combuslion eauip-
men!, Emissions are Irom electric power
plants, industry, and fesidential, commercial,
government, and educational fuel consumers,

Indusirial includes manufacluring equipment,

4 v

1242

. Carben morioxtde em:ssnons 1970 1977

See 12-6, pp. 54 10 512,

Other ncludes emissions: from stationary
fuel combustion, solid wastes, forest ires,
and managed burnings,

1213"
Hydrocarbon emissions, 1970-1977

Gee 126, pn. 55 10 5-12.

Other includes emissions from slationary
fuel combustion, solid waste, and use of
organic solvents.

Hydrocarbons may be referred to as vola-
tile organic compounds although they are ot
strictly comparable, Hy-irocarbons incluce

)

pholochemically nonteaclive compounds (for
 example, methane); volatile organic com-

poundsgonot-

———

1214
Nitrogen oxide emissions, 1970-1377

See 126, pp. 9510 512,

Stalionary fuel combustion includes emis:
sions from eleciric uliities, industrial estab-
hshments, and residential, commercial, and
insfitutional sources. :

Other includes emissions from industrial
processes and sold wastes.

Due to methodology, emission estimales
include all nitrogen oxides JAmEient measure-
ments include only nitrogen dioxide.

1215

Nitrogen oxide emissions from
slationary fuel combustion sources,
by tuel type, 1970-1977

US. Environmental Protection Agency,
Qlfice of Air and Waste Management, unpub
lished data.

Data exclude a smali amount (about 0.4
milion metric tons per year) of nitrogen Oxide
emitted by stationary fuel combustion sources
hat use kerosene, hquified patroleum gas,
and other fuels.

1216
Sultur oxide emissions, 1970-1977

See 126, pp. 5510 512

Stationary fuel combustion includes emis-
sions from electric utifities and industrial,
residential, commercial and instilutions!
SOUICES. - - \

Other includes emissions from sohd Wasles
and fransportation

Due lo methodology, emission esnmales
include afl sultur oxides. Ambienl measure-
ments include only sulfur dioxides,

a7 . e

i

Sulfur oxide emissions from stationary
fuel combustion sources, by fuel type,

—
TRt

See 126,pp. 55 10512,

Data exclude 3 small amount (0,15 milion

metric tons per year) of sullur-oxide produced
by industrial stationary fugl combustion
sources that use other fuels. -

Nalural gas does not produce sullur 0de8 J

when burned:

1218

Tolal suspended particulate
emissions, 1970-1977

§r1126, pp. 55 10 512,

_ Qther includes emissions from solig wastes

and lransportalion.
Dala include both suspended and settled -
particulates, in conlrast o ambient TSP

measurements, which include only suspended

particulales. -

1219

Tolal suspended particulate
emissions from industrial sources,
19701977

See 126, pp 5510512

0w
Comphance status of ma;ur siationary
air pollution sources, 1975-1979

US. Environmental Protectidn Agenby,

Office of Enforcement, unpublishéd data for
the Compliance Data System, #hich includes

orobable compfiance dala collected on a
quanerly basis from State and local an poliu-
tion ¢ontrot agencies.

Approximately 200,000 stationary sources

are supject to State Implementation Plans,

- which se! hmis on emissions as part of 8

statewide plan {0 reduce ambient concentra:

tions o criteria pollutants, Of these sources, ~*

25,760 are classitied as major {or Class A)
sources because each of them is capable of
emilting more than 100 tons of poHutant each
year.

Mrrar {or Class B) sources are all oiher
faciiies (approximately 176,000).

¥

i B

Comphance status of major stationary
air poliution sources, by Industry,
1979

The 13 major calegdwies shown here include -

5412 sources—about a fifth of all major sta
fionary sources,

-
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Chapter 13

» B
. Biosphere
All lite on earth exists in the biosphere, the
. thin layer of air, land, and water that
covers the earth and is energized by the,
sun. Within the biosphere live some 3 to
10 million species of plants and animals.
In size, they range from the great blue
whale (Balaenoptera musculus) and giant
sequoia (Sequoiadendron giganteum) to
the smallest single-cell organism. Among
themn are human beings (homo sapiens),
with a population of more than™4 billion.
The biosphere's life support systems

are being taxed by ever greater numbers
of people, by an accelerating demand for

" resources—fueled by the needs of

. modern agricuiiure, industry, and transpor-
tation, and By expanding human setlle-
ments. Some of the stresses are obvious—
degraded cropland, deforestation, desertifi-
cation, loss of wildlife, and poliution poison-
ing. The effects of others may not be
known until the damage is done.

~
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13 N
World population, by region,

Population e

n 7000 BC . the earth was-populated For al least 200 years, Asia has been

by some 5 to 10 milion people. By 1 home for about 60% of the world's popu-

‘AD., the numoer had grown 10 between fation. Today, roughly 2.6 bilion neople five Billion people

200 and 400 million—about the com- there. o 5

bined number now fving in the United ) ’

States and Japan. Sigw, unsteacy
growth continued until the late 18th
certury when wofld population probably

" slood at less tnarl 1 billon. With the
advent of the industrial revolution, the,
pattern changed to a steady increase. : ,
World popuiation is now more than 4.4 o
billion. The time 1 takes for world popu: :
lation to doubles dropped from 173 years
in 1800 to 41 years in 1979

' o s : , World total

/
1+
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o
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132
World population grth rates,
by region, 1950-1979

193
- Population densiy, 1975

During the'1560s, the average rate of

werd population growlh was 2% per year,
tne righest raté recent cenluries. In: ne
19705, the rate dechned, reacting 18°:
1979,

Growth rates are highest in much of the
deveioping workd cug to high fevels of
ferlity &nd marked reductions in mortalty
immedately folowing Word War ll.
[mproved iving conditions—such as sank
tary drinking waler, moe food, and better
health services—have greatly reduced
nfant mortaily, alowing many more young
people 1o reach maturlty and have families

of their own.

Decines in the rate of growth in Norlh

America. Europe, the USSR, and Oceania ~

are due mainly 1o ‘educed fertifly.

" People there are choosing fo have
smaller families. [n Belgium, the German
Democratic Republic, and the United
Kingdotn, for example, growan rates are
close to zero. The Federal Republic of
Germany and Austria have negative
growih rates.

-a

Tree earth as  whole averages 75 people
our sfiare mile. The United States is
somewhat less censely populated (60

- 1985 1960 1965 1970 1975 1979 \ o j’

Average annual- rate 0f Grovi Jf
if. percent . pecple per square mile). The density is
3, higher in less developed fegions (101 per
Afiica square mile) than in more diveloped .
' regions (48 per square mie).
i, Densities are usually much higher in
Ny agriculturaly productive lands such &s the
, : Mississippi, Inds, and Po river velleys and
along coastines. Some of the nighest '
“densities are in the island nations of Singa:
pore, Hong Kong, Great Britai, Japan,
and the Caribbean.
3!
Oceama\\
\
A
i . North America
Europe and USSR ' ' o
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134 o C . ! - '
Population in urban and rural areas, Ny : o o
by size of ar, 18201975, S S
. The urban population—Ihe numter of a ' | ‘
. people fving in.setllements of 20,000 or R
" more—ddubled between,1950-and 1875. Bilion people
In 1950, the uiban share of world poplia: 5 -
lion was 28%. By 1975, it had risen to ‘ | .
- 40%, . ’ : _ S
. . 4 . . ‘ ' | T
A‘ AY
R
Urban
, 3t ,
World total )
/e S
K i
) - C O | (R and
SR o - IR small“{owns .
1, . . 2
‘ i . Liing in cities
. with populaticn of:
L o f . L | JEEERL More (han 1 million
o 5&} , o | L ‘ [75] 500,000-1 miion
T S - . 3 [ 100,000-500,000
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135 |
Ten largast citles
in the world, 1975 -

_.A[l.i.mpbtlam.lrend.is..lhe.pro!if:_:alion.ot., S

cllies of more than 1. million péople. In
1900, there were 11;in 1950, 71; and in
1975; 181. The 10 largest cilies (including -
their major suburbs) are Tokyo-Yokoiam,
Nes otk Northeast New Jersey, Mexico
Cily, Shanghai, London, a0 Paulo, Rhein-
Rufr, Los Angeles-Long Beach, Buenos
Aires, and Paris,
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136 o .
Population by reglon, 1950-1678, . ‘ | o ,
with projections to 2000 ‘ - o |

9

Word population is projected t0 reach

between 5.9 and 68 billion by the year . ' RS
2000, Using the midevel projecton, Billon people b Billon peaple Bilion people
expecled to increase by 1.9 bilon; or T ‘ T , 10
4%, Inthe 21.years rom 1973 10 2000. . - ' .
Most of the ncrease.s expected 1 |
occur in developing countries. Affca ad - - o :
Latin America are:projected to double n L9 : | ' ek
population. Asia wil continue to have the
largest number of peopie. ' )
8 8t 0.8 |
s ]
|
‘ | ’i
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Sources and techniical notes

1341

-

World population, by region, 1800-1979

1800-1900: The determinants and conse-
quences of population trends, United Nations
(New Yaork, 1973), v. 1, p. 21. '

- 1950-1979: World population 1979

" Recent demographic estimates for the coun-

lries and regions of the world, U.S. Bureau of
the Census (Washington: USGPO, 1980),
tables 2, B-2, D-1, pp. 24, 168, 376.
U.S. Bureau of the-Census, unpublished data:

13-2
World populalion growth rates, by region,
1950-1979

World populahon 1979: Recent demo
grapmc estimatés for the countries and
regions of the world, U.S. Bureau of the
Census (Washington: USGPQ, 1980), table 2, ~
p. 24.

13-3

Population denslty, 1975

The global 2000 report to the President,
Council on Environmental Quality and U.S.
Department of State (Washington: USGPO,
1980), v. 2, the technical report,

13-4

Population in urban -

and rural areas, by size of area,
1920-1975 :

. ’ .
Demographic yearbook 1960, Urited

‘Nations (New York, 1960), table 2, p. 116.

The determinants and consequerfces of
population trends, United Nations (New York,
1973), v. 1, pp..190, 578. '

Trends and prospects in the population of

urban agglomerations, 1950-2000, as as- -

sessed in 1973-1975, United Natlons (New
York, 1975), pp: 13, 21.

World urbanization 19501970, Kingsiey
Davis (Berkeley: University of Calif., 1969), w 1,
tables A, B, pp. 57-111. .

Rural data for 1920-1940 are not strictly
comparable to that for 1850-1975.

135
Ten largest cities in the world, 1975

Trends and prospects in the population of
urban agglomerations, 1950-2000, as as-
sessed in 1973-1975, United Nations (New
York, 1975), p. 61.

136
Population by raglon, 1950-1979
with projections to 2000

1950-1979, excep! Asia: See 13-1.
1980-2000, and Asia, 1950-1979: /llustra:
tive projections of worid populations 1o the

. 21st century, U.S. Bureau of the Census

(Washington: USGPO, 1979), current popu- |
lation reporis, special studles series P-23, °
n, 79, pp. 17-18.

U.S. Bureau of the Census unpublished
data,

Asia includes Oceania,

014
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187 \
Major ecosystems of the world, 18708

The earth's surlace encompasses 149
milion square kilometers of tand and 361

million square kilometers of marine waters,

Only a small portion i t'e: iandanc an
even smaller portion of the ocean are
highty productive biclogically. These are
the areas that support most of Ihe growlh
of green plants and thus provide food
energy for life on earth.

The land-suirface of the-earttrcambe
classified into .12 major ecosystems. The
classification of an ecosystem is deter-
mined by % dominant plants and animals,
whose presence is fargely influenced by
temperature, precipiation, and sunlight,
The workd's major ecosystems Include
undra, tiaga, temperats forest, temperate -

‘grassland, ropical deciduous fores, tropi

 cal rainforest, desert, and others. -
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Ecosyslems

D Tundia
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] Temperate grassiand ‘
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138 .
Area and productivly
of ecosystems, 1970s

13
Iroplcal molst lorests, 19705 .«

Area of ecosystem

Ecosystem type

149 | Continental (total)

Mean net primary produetivity
W

Tropical rain forest

- | Tropical seasonal forest

Temperale evergreen fores!

Temperate deciduous forest

Boreal forest

Woodland and shrutiand

> | Savanna

“Temperale qrassland "

Tundra and alpine meadow

Desert scrub

Rock, ice, and sand |

Cultivated land

- Swamp and marsh |

Lake and slream

361 | Marne (lotal)

Open ocean

332

Upwelling zones

Continental shelf

510

|1 Algal bed and reel |

' Estuaries ’x

World total |

444

F—— |

30" 25 20 15 10
Million square kiometers '
The most extensive lerritorial ecosystems
are'desert, rock, and ice; tropica rain
forest: desort scrub; savanrs -
cultivated land, *

0 , )

|

N

A
|

\

The most productive systems in lerms
of primary biological productiviy, e
swampland, marshiand, and tropical ram
forests, Primary productivity is that parl of

"+ taal oroduction conlributed by green ‘\

okinls in a given year. I\ is measured in

. grams of carbon produced per square
meler per year.

0 -250 500 750 1,000 1,250
Grams of carbon per square meler per year

The seas cover nearly three quarters of -

the globe, bul marine plants account for
only a third of the biosphere’s primary -
production, about 24.9 biion meric fons
out of a global total of 732 bilion. Only
relatively small areas of the ocean are - v
very productive; tese areas include

- esluaries, algal and seagrass beds, and
reefs.

Three major ecosystems are under espe-”
ciall inlense pressure: tropical moist
forests; arid and semiarid land, and crop-
land. ' S

For centuries, ropical moist foresls
resisted intensive human exploitation, -
Today, with rapid growth in popuiation and
in the dermand for Iving space, food, and
raterials, the tropical ot foress of
Central and South America, West Afrca,
and Southeas! Asia are changing Milors
of acres are now being cleared gach year
for farming and cattle ranches, cul for
lirewood, or logged for valuable hardwood.

Closed tropical [oresls are decreasing by '

10-20 milion trectares 1%-2%) per year.
In addtion to these losses, the qualty of

arge areas of the remammg foresis is -

being degraded. ,

Rapid loss of tropical fores! COVer ¢an
have severe consequences for sgclety and
Ihe environment; Economically accessible
{orests become imited. People, pamcularly
the poorest, are without wood for juel,
shelter. fiber, or must spend much more

e seatching o sulabe maleias

Watersheds become denuded. Flooding |
increases in frequency and severity.
Ground water Is depleted. Increased o0
sion reduced topsoil, Reservairs and iriga:
lon dcies are sited, reduces agricuture

 and hydropower. Widlie s reduced in- -
" abundance and in diversity, wilh many

“pecies threatened wilh extinction.
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1340

Tropical molst forosts,
by region and country,
1645-1978

A}
Theusand square Klometers

10 _ Conlral America

60t

50t

40+ Nicarague

30t
|

20 | \

Costa Rica
10t
0 i H 1 1 i I L ‘n e

1940 1950 1960 1970 1980

Large-scale conversion of ran forest s
taking place in all of the world's lropical
regions., |

Tropical moist forests in Nicaragua
have declined in the past decade by 30%
as,a result of timber exploitation, shifing
cutivation, and growth in agricultural -
setllements. The governnient is now en-
couraging planned agricullure fo reduce
g o1 the temaining primary forest,

Twentyive percent of Costa Rica's
lorests have been lost indhe past decade.
The Naturai Resources Instiute was es:
tablished to evaluate forest ecosystems
and itegrate land u3e planning. Nafional

parks are being expanded to protect much

of the remaining forest.

Thousand square Klometers.

3,900¢ South America

4

3,000¢

2,500t

2,000¢

1,500+

1000y '

500;

i b

T
Bl T~

L

Colombia

™~

( b
1940 ¢ 1950

B'razil alone contalns more than a third

of the werld's tropical maist forests~
. about 3 millon :are Kilometers, The

amount of forest converted to agricultural

use and'catle raisng has been substar

tial, National parks are being esiablshed

nd consenvation programs developed to

reduce cqnversion of some unique areas.
" Closed forests in Colombia have de:

clined by aboul 40% since the mid-1860s.

1960

90 1%0



Thousand square kilometers -

140 Amsé | ‘,

| ] o

190

100}

0!

60

10} |
T~

20}

01920.  1950 - 19'6‘0 |

About 20%:f the Ivory Coas'sopcal  Thalnd'foresfevebeen redced 10
a ourh ofteir orignal ize, An exensie

forest remains, Almost all forest areas
Julside reserves have been logged and
farmed, ‘
 Most of Ghana's moist forests have
been severely depleted, the ones remain-
ing are confined lo forest reserves.

1970 1980

program of reforestaton énd conservaion
s underway 10 increase ropical moist_
lorests to 40% of Thaland's land arez.
Nine ational parks and wiife refuges *
‘hav been establisted, but deforestation
cOntinugs even in the parks because
people are degperate for cropland and

fuetwood.

Thousand square kllometers

330 , Asia
3001 '
250+
Thailand
200} ‘
finnine
1501 Philipoires
\ L
Malaysia
50t
! 0 i L 1 1 { d i 1 N
1940 1950 1960 -1970 1980

”

in 1965, 57% of land in the Philippines .

was forested, By 1676, only 38% was.
Losses of some 5,000 square Klometers
per year are being recorded. Plans have
been made to increase forest acreage

" {hrough reforegation t042% of the coun--

try's fotal area by the year 2000.

Malaysia has the most intené‘wety man

‘aged forest economy of any tropical coun

Iy Logging and wood processing are
major industrigs. Roughly 55% of the

 Malaysian peninsula is St forested, and

halfof that is Undisturbed. Nevertneless,
Malaysian forests are being depleted ata -
rae of amost 4000 square Klometers per
yea. -



O

ERIC

Aruitoxt provided by Eic:

1311
Lands vulnerable to desertificat. .n,
1970s '

D
o

Desertification of lands worldwide is in-
creasing at an estimated rate of 50,000
square kilometers per year. In the past 50
years in Africa alone, 650,000 square

*kilometers of land bordering the Sahara

that were once suitable for agriculture and
grazing have become barren desert.
Desertification occurs where vegetation
is fragile, subject to extremes in wind,
temperature, or rainfall, or highly vulner-
able to poor management or natural dis-
aster. Direct causes of desertification are
overgrazing, poor cropping practices,

‘wood cutting, uprooting of shrubs, inappro-

prizte recreational uses, and excessive
burning of grasslands and forests. Such
activity may cause progressive degrada-
tion, possibly to a point where damage is
practically irreversible. :

C

Among the earth's 2nd and sem:arid
tands, 12% are already desert. Of the
remaining 87 %, the risk of becoming
desert is very high in 7%, high in 34%,
and moderate in 36%. Risk is slight on
about 1C% of the land. '

Al this time, desertification could be
reversed in many areas by eliminating
activities that degrade the land and by
rehabilitating sericusly damaged areas:

7
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13-12
World arable land, 1954-1975

Bilicn hectares . hectares
2.0 0.67
0 5t Arable area:
-per capita
A-able . R
1.5 area e
/dﬂ °
o~
o 0.4t
_// ..
.0 0.3
0.2¢
0.5r
< 0.1
O t 1. 4 O i 1 o
: 1951- 1661- 1971- i 10951- 1961- . 1971-
1955 1965 1975 1955 1965 . 1975
Tre amount of fand used for crops world- _With world population growing rapidly noe .
wide is increasing but at slower rates than and increases in total arable and minimal, . @
before. Millions of hectares are brought arable land par capita is declining. ' : . . '

under cultivation for the first tirne each

year, but almost as much is taken out of

cultivaticn to be urbanized, returned 1o .

pasture or forest, or abandoned. T ‘ X -
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Arable and potentially arable iand,
by region, 1970s

The largest areas of arabie land are in
Asia, North Americe, and the USSR,
Nearly all counirigs have the potential
to expand cultivated areas. The fargest
reserve of potertially arable lands are in
Africa and South America, but many of
thege lands are poorly suited to agricul
tural production and face one or mare
environmental constraints. They contain
infertile soils, are remote or isolated from
popuiation centers, lack adequate of
properly timed rainfal, are subject to
- grosion, have a short growing seasun, 00
not have a¥pess 1o needed irmigation, of
have a comtznation of these and other
characlerf8fics. In short, it appears that
the best and mos! accessible iands are
alrecdy in use. .

‘| United Slales

| USSR

{million hectares)

1,477 aratie

a1 : 2,763 potentialy areble
‘ +.240 Viord tc:a

exporters '

Weslern Europe

Japan ‘ v

| 'ndustrialized counlries

Other major

Centraily planned countries
Eastern Curope o

People's Republic of China

T ]

Less developed countries
La':1 Amernica " :

i

ks

L

- 500

100 400

~ Milion hectares . ' ‘

531
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13




1314
. World agricultural production,
1054-1978

World

Index (1961-1965 = 100)
1607

120+ //‘

/
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V Production
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Worldwide agricutural production has

. grown rapidly despite the relatively small -
increases in arable land. Increases in the
use of synthetic organic fertiizers and

- pesticides coupled vith advances in
modafn plant breeding and irrigation tech-
figuesthave coniributed to @ marked,
sustained increase in average crop yieds

: O larg area.
| 93

1980

140}

Developed countries
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160[
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World agricultural inputs, 1950-1978

|

Ferliizer use | Irrigated cropland - -  Agricultural Iabor force
Thousand melric long Million hectares | ) Millon penple ,
90 ' 220 | SR o .
! o Co 200 /_
T | - T00p 7 '
180; ‘
15t 600}
b 160r
140 o AR
120t \ : ‘
30+ 0y ' e
100} R
g0} S0
l | |
251 ,.O 200t
. "0 ~ Norlh and |
| Ll America 100} | o
207 Fuope—""_ | :
] | L ! 1oyl \ Amc:a ;-'—ﬁ_‘ﬂ Oceanla 4 1 1 L i " !

It . ) 0 ) . O } .
01950. - 1960 1970 1980 © 1950 1960 - 1970 1980 1950 1960 1970 1980

L

' ' ‘ t .
Inensive use of fertiizers and pesticides,  merly raxpensive Sources of energy, The natural productivty of an estimated  supplies. Improper application of ferizers
- development of new sirains of com, pateularyol. one half of the world's cropland is decin- - has changed the types of vegetation and
W 13" “Ge, and expansion of iigaled  With the rapid increase i the wse o ingrbecause of soil érosion, waterlogging,  fish species inhabiling nearby waterways
Ia|,E Mc'eally increased the amount - . technologically-enhanced agricultura salinization, and‘other environmental ~and rivers, The availabity of water may

.of cereals and olher crops fhat canke - inpuls has come a nurber of environ: .proble'ms. In certain regions, the misuse of become the smgle most |mportam con

I L T L T P
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13-7 .

. Major ecosystems of the world, 1970s

Ecoscience:-Population, Resources.
Environment, Paul R. Ehriich, Anne H. Ehrlich,

" and John P. Holdren (San Francisco: W.H.

Freeman and Company, 1977), fig. 4-26,
pp.144-145. Adapted from Fundamentals of
ecology (31d ed.), E.P. Odum (Philadeiphia:
W.B. Saunders, 1971), and Communities and
ecosystems, R.H. WhittaKer (New York:
Macnuilan, 1970). Reprinted with permission.
13-8 : )
Area and productivity of ecosysten:s,
1970s '

See 13-7, table 4-6, p. 132, from "Carbon
in the biota,” R.H. Whittaker and G.E. Likens,
in Carbon and the biosphere, G.M. Woodwell
and E.V. Pecan, eds. (Washington: U.S.
Atomic Energy Commission Technical Intor-
mation Center, 1973), pp. 281-300. ’

139
Tropical moist forests, 1970s

“Crossroads for tropical biology,” William
J. Cromie, Mosaic, National Science Founda-

tion, v. 10, n. 3, MaylJune 1979, pp. 10-11.

Reprinted with permission.

13-10 : .
Tropical moist forests, by region
and country, 1945-1978

Conversion of tropical moist forests,
Norman Myers, National Academy of Sci:
ences (Washington, D.C., 1980), pp. 80, 81, .
95, 97, 98, 108, 128,.132, 133, 134, 135, 136,
158.

Trends in individual countries may not be -
representative of an entire region.
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Lands vulnerable to desertification, 19705

World conseyvation slralegy, Intetnational
Union for the Congervation of Nature and
Natural Resources, wilf-Unilea Nations
Environmient Programme and World Widile

Fund (Glang, Switzerlaid *40).

A and semiaric fands o 0y roughly
“onethird of the earth's fand surkace. Allhough
theig vary nTandt Torms and Lypes ol vegeta

hon, they nave low levets o precipitation
(less than 20 mches of rainfal per year), with
greal seasonal and year-10- year variaion; and

relatively sparse vegetation,

Cultivation in marginal areas during penods

ol higher than normal rainfall s especially
mngemus and may be & main cause of
esertication. When dry years'follow a year
,of plenty. ploughed soil or soilfrom which the
sparse cover of nalural plant has been,
eliminated is al the mercy of wind and water,
The ling clays and silis are carried away and
the femaiaing sand drits. The social and
environmental impacts are serious: Arable
land 15 ost dehfe s dispersed and depleted
the risk of starvation increases, and realer
pressure is pul on femaining lands.

1342
World arable land, 1951-1975

* The global 2000 report o the Presiden,

Council on Environmental Cuality and U.S.

- Department of State (Washinglon: USGPO,
1980), v 2, Ihe Lechnical reporl, tables 6-12,

6-13, pp. 97, 99.

1343
Arable and poientially arablg land,
by region, 1970

U.S. Department of Agriculture, Ecenom- .

s, Statisics, and Cooperatives Service,
ynpublished data.

LDCs are fess developed countries.

134
World agricultural production, 1354-1978

1954-1960: The world food situation and
prospects fo 1985, U.5. Department of
Agriculture (Washinglon: USGPO, 1974, for.
agr.econ. rep. 98.p.2.

1970-1976: 1979 Hanabook of zgricultural
charts, U.S. Department of Agric-ture

~ (Washington: USGPO, 1979), agr handbook

n. 561, p84

Develaped countries incluge; United Slales,

Canada, Europe, USSR, Japan, Republic ol
South Alrica, Australia, and New Zealand.

" Developing countriés include: South and
Central America, Alrica (except Repuids of
South Africa), and Asia (excep! Japan and
communist Asia).

13 15
World agricultural inputs, 1950-1378

World fertilizer use; 1976 fertiizer year
book, United Nalions Food and Agricullure
Organization (Rome, 1979, and prewous
annual issues.

Iirigated cropland and world labor force:
World population trends and policies, 1977
moniloring report, United Netions (New Yok,

1979, v. 1, Iables 65, 69, pp. 165, 167.

]
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" Extinct speciés and subspecies

of vertetirale animals worldwide,
16005-1900s -

" More than 1.5 million species of planls
~ and animals have been identified world:
wide. This includes 4,100 & ecies of mam
mals: 8,700'birds; 6,300 repties; 3,000
amphibians, 23,000 fishes; thousands o
inverlgorales including 800,000 species of
- insects; and several hundred (housand

“dlants and fungi. g

The 1.5 milion s only the known nu |

oer ol species. Scienliss conlinually add
lo the st as new lands and walers are
explored and beller ways are found 10
idently and classiy spacies. Scienlisls

now eslimate Ihe worldwide fofal to num- -

ver between 3 and 10 million species.

Diversly of species ncteases as one
moves from the poles 10 the lrapics. Some
60% 10 80% of al species live'in the
1rop|cs and up 10 40% live n one major
ecosyslemﬂtroplcal mioist foresls. As
many kinds of plans five in Panama as in
allof Europe as many | fish species five in |
Ihe Amazon basin 2s in the whole Atlanic
Ccean.

The makeup of the earlh's biotic com-
munily is changing continualy. Today,

exlinctions seem lo be dncreasing and can.

be linked to man’s influences on the
b|osphere Marvinduced extinclions are
now the rule rather than the except|on

¢

Ze

lThe extinction of ver tebrate speCIeu has

- increased steadily with worldwide- growlh- meUmber o speues

‘in human population and the rapid allera:
tion of natural habilats. In the 16005, an
estimated 21 vertebrate spemes became,
exlinct: In the 17005, 38 spemes andin
the 18005, 84 species. By the end of his
century, &n eslimaled 270 vertbrate
species are expected 0 be aiffct. N
Overall, the most endangered species
are those wilh highiy sestricled dslrbu:
tions and those raguiring mature foresls

" and grasslands.

and subspecies

3007

250+

Probably
extinct
by the
year 2000

Known
lo be
exlinnl

16005 17005 1800s* 19008
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Extinction of species, by reglon,
1980-2000

Ofthe 3to 10 millon species owon -~
earlh, between 0.4 and 1.5 milion species 4

could become extinct during the next20

ypars. ,

 The largest number of extinclions s *
foreseen i the tiopical forests, many o | |
which are rapidly being depleted through - \
limber harvests, e gathering of fueivoad, ' | |

‘and conversion to cropland, The greatest Tropical forests
number of ropical extinctions is expected

amone insects; the nex! highes! number,

World

amo g plants. ’ | |
(‘ Latin America| - ~ [:::]
s Coww | ' S
f ! . . , d
Souhand | - - |
Southeast _
Asia
. C ' ¢
S Al uther habilats |
10,000 ) 100,000 '1.000,000‘ 10.000.00‘0 .

Range of possible extinctions—number of species

.oag.
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* Whale exploitation, by specles,
prehinting through the 1970s o .

Whalo abundance, pre-hunting and 1970

: _. ‘ . Blue
N Virgin stock - | I j |
. [ 19705 slock - I
' Humpback!
E__[j
Fin
: — ]
B I ’
«’ [ [‘(
Sp/./rm ‘
|
B |
Gray
Minke
- T ,
1,6_0-0 900 800 700 600 500 -400 300 . 200 100 0 20 60 80 100
Thousands ) Percent virgin Stoc
remaining -
43 .
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Whales are one group of mammals that

have been hunted for cenfuries, with many

species and stocks broughl close to
extinction, ‘

The patiern of exploitation has been to
hunt one species til it becomes too
scarce 0 be of commercial value, then

- turn o another- Firsl, the bigges! whales—

the blugs (Balagnoptera musculus}—were

exploited, then fin (Balagnoptera physalus),

humpback (Megaptera nqvaeangliae), and
sel whales {Balaenoptera borealis) in tum.

More recently, whalers have sought sperm
whales (Physeler calodor) and the much -

-smaller minke (Balagnoptera
acuforostrata).

The world catch of whales has dgclinec

because of declining stocks and, more
recently, because an infernational quota
system now fimits the catch of some
Species and bans the hunting of the blue,
humpback, right (Eubalaena glacialis),
bowhead (Balaena mysticetus), and gray
whales (Fschrichtius gibbosus)..(Small

subsistence caiches of humpback, gray,

. and-bowhead are allowed )

The overall quota set for the 196
season is 13,900 whales, a sharp deciine
from the 46,600 killed per year & decade
earlier. But even with protection, there is

e sign that whale Stocks, except for the

California gray whale (Eschrichtius
TobuUstus). are recovering,

24y

o }
35¢

Whale catch, 1920-1978
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Population of selected endangered
and (hreatened species, 1947-1979

'

¢

Alrcen .r;'eonante\\

- Black thinos

Aoy s AlARIC

ey furles }

Bengal 1gars

Ve ‘ Golden lign marmosets

Mountain i3

o Mau s keslis

)

) " A,

-~ Among ver rebrates, he Interna

" includes 270 mammals, -

Populetions of many birds and large mam:

rmals are dangerously low, This results

from habilat disturbance and destruction,
polistion, increased compet tition from
introducec speues and overhanvesl.

for the Congenvatian of Naylre and Nelural
Resources has identied 448 species &5
endangered, vilnerable, g rare. The fis

53 birds, 28
arnghibians, 108 reptiles,jand 179 fish. It

‘does 20! incluce thousands ¥ inverlebrate

species which are believed.10 o be endan-
gered and more than 25 000 vascular
plls regarded as endangered, ezl
gned, or rare. -

A numBer of welkknown endangered
and threatened animals.for which data are

" .available have heen sélected.

The African slephant (Loxodonta afri
cang) is found i an area of about 3
million'square miles thrughout mest o
the continent & cenluy ago, estinales
placed the number of Africaf & sphants al
nearly 10 millicr. In 1975, there were an
esfimated 5 milliun, The Jatest survey

- (1979) reporls thal poputations hiave

dfcreased to abeyt 1.3 million, Evidence
massive slaugh ters have beer seen n
Ugerda, Poachirg for vory and the loss of

habiiat 1o mevs farmiands, other develop~

ment and desertiication are lso respone
shle for bringing about @ declne in e~
African elephant populatlons :

" The black rhinoceros (Diceros bicorms)

lves in 17 countries in eastern and south-

ernAfca. It is kiked primarly for itshor. -~

Meabires aré being taken by African
oounmes and others to protect the bigek
thinoceros and contzol fegal hormirare.

The Bangal tiger (Panthera tigris tigri)
is protected over m.>h of {1 range in
soushern Asia, bul - tection S not aiways
enforced. in India, as a result of strict
enforcement, tha population increased
from 1,827 animals in 1972 to 24841
1578. 1ts forest habitat tconlinuestobe
altered by expandmg agricultiie and uiban
setllements,

Six of the seven species of sea turlles -
arg endangerett, Kemp's (Atlantic) ridley
tuttle (Lepidochelys kemp) isthe. most
endangered. There are at present 500 10
1,000 nesting femaleg; on a beach in

Mexico. Scientists are frying o creale

anolher resling beach at Padre Isknd
National Seashore i Texas. Because the
sea lurlle is migratory, a global srategy is
neaded to protect the remaining popula

Tion,

The mountain gonlla (Gorila go/'la-
beringe) lives only in the forested, moun:
tainous areas of western Rwanda, soulh
west Uganda, and easlern Zaire in eentral
Africa. In 1950, estimales placed thelr
numbers at 400 1o 500; as few as 200
were thought tu exist in 1978, most of
these in Rwanda. Its range is moslly within,
national parks and game reserves, but
e e ar under sess o xpand
mg cattle grazing and banana planlallons

//

o



Sources and tezhnical notes 1

e golen for marmoset (Leontopithe: 1316 ¢ 1319 All 7 species shoym here, except the Alr-

cus ORI Tosa) & nativerto B.'aZII'S : Extinct species and subspecies Population of se! gcled endangered ¢an eleghant, are isted as endangered by the
r cLand , of vertebrate,animals worldwide, -and threatened species, IUCN The African elephant is hsted es
i \;zﬂma.u “forest and is presently re 1600s-1900s 1947 1979 hreatened (comparable to 1UCN's calegory

"Jricted 0 ar2as vear o deJaneno.
These areas arg being ‘ogged and Cleared
for development. In 1968, the numpei ¢t
Goden 14N marmosels was estmated at

of vuinerabley by the US Hsrland Wilg'e
Servee,

Blocr hingceros dala are for those i
Kenya end Tanzania only, but smiar declines

are occurning throughuut the rhingceros's

Alncan efephant: "African eleprants ,
siaughtered,” Baynard Webster, New Ym
Tmes June 10, 1980, op. C1-C2.
“Blact rhinaceros; “Rninoceras background

“Bréakng iy wed,” George Uelz and
 Domad L Jonnson, Environment;v, 16, n %0,
Decerrber 1974, p. 33, from JA. Davis, New
York Zoological Sociely. the Zoological Park,

600 1 1971, a 400. Wild popuiations * .

4 range.

“JEIG ?hougm ooe down to abOU 250 n fm Red dala books, mt(’ma[\Oﬂm Unign for DC & Qtembe Wg) P 4 from Interna: BenLal “ger dala are 1o those in Indra
liona! Jor the ’

1975, 81321 oférs legl poecton ang has 1 Comsenaton of e pesndNasl . 0 il e orernl e

reguialad In&Export o tis endangered” - iqups . Bengal tiger: Red data book, interationa! o1 nesting femls,
monkey Caplive bre\e,dmg prcgrams have ' Union for the Conservation of Nalure and Marmosets 2t 130 caled lamarns
been sLocdsslul bolr n Brazl and the. 13T Natural Resour s {Blanc, Switzgrland, 1972), e '

United States

" The Maurds ey Walco punctalus),

a i ratve only {0 lu Indian Ocean
ysland of Mauritus, had & tota p0pln
ofbm 1974 Because of protection effors
avd breeding programs, 19 birds existed n
1978, 6 in captivity and 13 in the wild. The

JJong-lerm decline jn the kestrel poplation

paralieked the decrease in+he extent ofr
forests and the predation by animals
Jntoduced to the 1sianc. - ‘

, Whale caw 920-1970, vice tmmke: ' ,
o . Tne whaie problem: A'stitus repoer{ William, SVIV"-Z eiand, 1979, p. 147 ' '
E. Schevill, ed. (Cambredge, Mass: Harvard The International Union for Ihe Conserva-
University Press, 1974), able 13-1, pp. 306~ . ton ol Nature ang Natural Resources (IUCN)
. 307.1074-1978, except minke: Inferriational  Gefines endangered species as those “in .
/ ~~Tahaling stanistics, Commiltee for Whaling danger of extinction'and whose survival 15 .
. Statistics (Sandefjord, Norway, 1979), LXYKII,  unikely if the causal factars eantinug operat: '
{ * laple b, p. 12. 1963-1978, minke: inerna- #1g." Vulnerable species ar.. “#&.y lo move
: tional whafing statistics, Committee for o 1he eniangered catggory in ine near
Whating Stalistics (Sandelmd Norway, future f the causal tactors sontinue operat:
‘ 1979) LXXXI, table 2%, p. 77, ing." Rare-species have "s:nall world popula-
‘ Catch_dala foi minke are not available for \t/lﬁlr:usertgg!leat;ﬁtngea;l ”senl{:é]gwsrggoir ' : o
' , feats pri 19 1968 International Unicn r the Gonservation of . 5 5'«
L 5 * Nalue and Natural fiesources (Gland, U]
T l{lC N1y P ’ Swilzerand, 197:»v2preafnble3) | I’ |
B - ' ) Y '5"" 323

!
N

Bonx Part. New York  January 1972, an

" Resources (Lausanne, Swizerland), various

“Extinction of species, by reglon,

" 1080-2000

The glonal 2000 12pert-to the Pres,den:

' (founcu on Eaviranmerital Quality and U.S,

" Depariment of State (Washinglon: JSGPO,

1980). v. 2, the techmical repart, lable 1330,

p. 33,

Projections assume a low deforestaiion
case from 1975 fo the year 2000 Of the fotal
0f 310 10 millior: species, 10%"are inthe
vngin forests of the Amazen, 5% in African
tropical ‘orests, 10% in Souin and Southeas!
Asian tropical forests, and 75% in oceans,
frest water, nontropical forests, islands, sic.
1318
Whale exploitation, by species,

‘ pre-hunting through the 1970s

Whale 2bundance: “The status of whales,”
Viclor B. & HItPr Fepiin g ovefy v
01,1976, . ’

sheet,” World Widlife Fund (Washingion,

ang Natural Resources.

v. 1. Worlg wiloite yearbook 19781979,
World Wildhe Fund'(Morges, Switzerland, |

1979),p. 59,

Kemp's (Aflantic) ridiey sea lurtle: “Experts

- gather 10 tak turle,” Conslance Holden, ¢

3cience 206:1383-1334 (December 21,
1979).

Mourtain gorilla: “Mountain gorilla (Gon
qoril beringe) status (1980) with sore refer-
ence 1o other gorila species,” Diane Fossey,
June 1980, p. 2. “Endaggered mountain ¢
qorillas killed, raising the possibilty of
poachers,” Thomas O'Tools, Washinglon
Fost, July 30, 1978, '

Golden hon marmoset; fled ¢ala boor,
International Union for the Conservation of
Naiure and Natural Resaurces (Gland,
Switzrland, 1974}, v. 1. "Wai e pot of goid

Kemp s (Allantic) ndley sea lurlle da 1 are

ha. ' rainkge?,” Dewia 7. Kieman, Anmal.

K oaymom, New York Zookical “ciety, ”

February/March 1976, p. .
- MQurituas kestre!: Worlt wildhle yearbook
1978-1979, Werlg Wilgile Fund (Morges,
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Oceans

The oceans of the world cover more than
vwothirds of the earth’s surface. They.
contain more than 97% of the world's
water. Geeans moderate and influence the
earth’s ciimate and provide most of the
walter vapor that returns to the earth as
rain. One-third of the planet's oxygen
comes fr.-n marine phytopiankton. Maririe
fish may provide as much 2s 10% of the
animal protein consumed by humans. The
oceans are also the earth’s principal
fitering system. They decompose and -
recycle wastes frcm rivers and streams
and are the final bunal sitc. for most
materials that are not recycled.

“The world's oceans can be divided into *
two zones: Couustal and open. The coastal
zone constitutes about 10% of the total
ocean area and includes waters covering
the’ conlinenta! chelves and slopes. Coaslai
waters are rich with sea lite, from micro-
scopic phyloplankton to great schools of
fish. They are also the receptacle fer
wastes from rivers, direct runoff from the
1and. oil spills, and ocean dumping. When
pollution occurs in marine waters, itis
rnost likely 1o be Qﬁseryég first in the
coastal waters, and its effects are likely to-
to be serious there.

=

The deep waters of the open ocean,
usually 300 feet (31 rneters; or more in
depth, are mostly out of contact with
coastal water and surface waters. The
mixing of the deep and surface walers
may take hundreds, even thousands of
years, depending on the basin involved.
Much of the manmade wastes dispersed
1o the oren ocean are still.in the water
column: litter, plastic, and oil slicks are
found in surtace waters. DDT and other -
chlorinated hydrocarbons are found in
open ocean organisms; and radioactive
isotopes of strontium and cesium from
nuclear bomb detonations can now be

found at depths of 1,000 meters. The open-

ocean changes slowly, but once changes
do occur, they are not likely to be re-
versed q.. -kly nor modified ez_'ly by
humans.



13-20 . :
Word commercial fish catch, -
1950-1978 - . .

World fish catch .. 3% from marine
waters and 8% from fresh-wateis.
Fish caich increased dramatically from o .
the 1950s to the early 1570s. The sharp Hhon meine tons
dectine was a result of t*2 precipitous 80 r M
rop ' the harvest of anchovies (En- i ' <
* grautus ringens) cff the coast of Peru. This i

tishery was almost elimina:ad by cverfish- 79 ) o /"/i..‘/'

ing and by a rapid influx of warm weter - ) . . = /r’\://"‘ o
1972, which greatly reduced nutrient le. . ) VAR /
and numbers of fish. The anchovy fishery 6’ ol / :
has not recovered, and less than 1 million ) . ' .. 4 .
tons are harvested yearly. : ' - ) . /
" Except for anchovieg, the world fish ) Toir - / Neand -
catch has continued*to increase, but the S R A .
kinds of species harvested have charged
“over the years. There has been a decline / o
in some-of the most prized fin fish species, 40k “ Al other species - '
such as the Atlantic cod and the flounder, ' ,
and an increase in cr.-aceans (shrimp,
crabs) and mollusks (clards and oysters). 30
Increasingly, Countries are managing
their fisheries. The United Nations Food
and Agricultire Organization estiriates
that the world fishery yield of conventional 20r
species coulZ be sustained at about 120 : . Peruvian anchovies
million.metric tons per year if all countries v . N
were to manage their fisheries on an 10} N _:,_,/'A‘i"" K
optirmum basis. (Optimum_yield means that ) e P ~ i
the catch is regulated to ensure the - e TN
greatest overall benefit to society in tetms , G L e
of food production and recreationz} cppor- ; 1950
- tunities over the long term) Dther #=peris
ozdict that world fish_catch cannot be. .
sustained much above the currerit producs
tiori level of 75 million metric dons per .
year. : - ’

1960 1970
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Areas of marine polluiion, 1970s
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Desgpite their vast extent, oceans can be
po!luted and degraded. Most marine '
pohution originates on tand and passes
through the coastal zone first—through
river cischarges to bays and estuaries,
though direct discharges from coastal
outfalis, and from vessel discharges as a
resuit of aetiberate dumping or accidents.
The aimosphere also transports pollutanis
from iana to sea, particutarly radioactive
fission products {cesium-137, strontium-S0),
metallic compounds (tetraetyl lead), and
synthetic chemicais (DDT).

Marine poliutants can be classified into
five categories: metals, synthetic chemi-
cals. petroleum hydrocarbons, radionu-
clides, and solid wastes. The effect of a
poliutant depends on where it is disposed
(garbage and litter can greatly reduce the

,quality of an estuary but may have leas®
“effect in open ocean), how luag it stays in

the water, and the nzture of the: substance
itzelf. f

Coastal pollution occurs primarily in
areas of rsgh population densi. - ncen-
trated industrial activity, and alorw. - ajor
shipping lanes where intentiora! dis-

. charges are the most prevalent sotirce af

spills. Half of all oit tanker aceidents, 10C;

are in ports cr port appr wches &

neavily traveled shippiry, anes ° id .-
ase, North American, and £urr -

waters.

Mo<! maierials dume: 1 into the occans
are decomposed or recycled through
natuial processes. Much of the material is
finally deposited in battorm sediments,
where it remains unless disturbed and
raintroduced into the wate; column, Radio--
active isotopzs, DDT, and other synthetic
organic compounds are not easily decom-
posed; they can build up in the water ard

_ sedirnenits and accumulate in the tissue of

Grean organisms,

254

Attempis to control ocean pollution have
been aimed primarily at ¢ii and radioac-

tivity. More rezentiy, contiol of dumping

wastes 2t sea nas peer insituted. uider
the Lo~ don Cunvenugn of 1977 40 wana-
tory cuuntries nuw 1SSUe permis 1o ocean

" dumping of dredge spoils, sevage sludge,

and industrial wastes. Specia! permil: are
required for gumping of low-level radic
active wastes. No high-level radicactive
waste dumping is permitted.

There 15 no globai international conven-
tion covering land-based sources o! poliu- -
tion entering the water or the atmosphere,
but initial steps are being taken. In May
1980,_natiors bordering the Mediterranean
Sea signed an agreement on ihe protec-

- tion of the Maditerranean from land-based

pollution. Howe:ie:r, pollu*” .. from rivers.”
and cazstal ouffalls is still largely un-
touctied internationatly.

—
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World oif spills from tankers, 1673-1979 : .

)

Humue o nzients Thousand ‘ong tons sgued

5

g A |
B00-
I 500-

|

i
-‘»U‘}- 400}
10 500}

| .
204 ‘ . Ty 200

1

|

|

10 100+ /
n‘h._.L_,____L H ; . 1 H —_— i ] 0 1 1 . . " D
U i

1570 1475 . 198Q 1970 1975 1980

In addition, an enormous ameunt of Tanker accidents account for a rela:

Oilis discharged into the worlg's oceans o discern. Tiig large increase in
from aimospheric fallout, land-based amount of oi spiled from tankers in 1979, «il-325,000 tors tmorg thar. 100 milion ~ tivelv smal portion of the oil discharged
runoll. routine tanker and ship operations,  for instance, resuited primariy from the gallons)--was spilled in the ¢ well iow- imlo the sea from tankers, Cleaning and
lanker accicents, and olfshore dring colision of two Supertanicers, the Aflantic - outin Campeche Bay, ofl Mexico, during  ballsting operatons are believed to

Empress nd the Aegean Captain, in 1979 and 1960. discharge sevaral times more of in vol

acvites. -
The amount of oil reported spiled ifto ~ which 156,000 tons of cruce oif were .‘ | ume, but as international reguiations
oceans flom tanker accidents has been * cischarged inlo the Caribbean, 50 mies | - lighten and as the value of “taste” oil i

tak washings increases, these foms of
- ol poliotion are likely to diminsh, ~ +

increasing, but ore large spil canso northwest of Tobago.
=t e data that ignds are not easy
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Sources and technical notes

13-20
Worid commerzial fish catch, 1950-1578

1Z2-21

s}
Organization
precden., A 1:_ :g
To largest ¢l sp s News release, US

Coast Guard, Septernper 197%. OF spul intedir
race repert, Cenier fcr Short-Lived Phe:

=

nocmena, Cdm.;nr‘ge_ Mass. (August 10, 1979

v 2.n 32, p 2 ,
9 166 of md;or sp s shown on the maud
iefer 10 the 10 121gest tanker 30cnlents g
o well blowouts between 124 and 197 At
jpast 60,000 tons of o were 1ost in eacn sp

Wcrld <l spiils from tanvers
1373-1979

camage, stra
(rarnmed c:o«. el mooreu ves: e’), 1 3
exp'osions, machinery damage, ant oiner
nno3 (Jost anchor, crew negpge ice, steer-
i~ troudle, brzakdewn at sea, ¢lu ).

Data are for accidental spilis from iankers,
creloil carners, and Lulk/oil carriers caoable
¢! carrying at least 6.000 tons of cargo and
fuel ol. Operational discharges (for ex2riie. -
those orcurtir? when tanks are clean 2d) and
spills from hguid gas carriers are exciuded.

2730
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Most atrrasphenc ¢oliution 5 local eof
regional. Bul w0 Lok ems are global: the
growing auanttes of ¢ "lorofluorocarbons
that are being emitted and dispersed nio
the upper atmcsphere, where they can
cause the treaxdown of steitosphenc

zone, thee oeonitting increased ultravio.et
radiation 10 re . 0nthy and the increas-
g atmosphe ¢ concentration of carhon
dioxide. which may have long-lterm im-
pacts ¢n tne ezrth’s cimate. In both
cases, Ine changes are very gratual, are
not well understood, and are diff.cult to
measure, bu.', once undarway, they may
pe virtually imposs e 1o reverse.
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Chiorofius:omethane production,
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. Tnose n‘air gcong mg md retnoenton : /
5, 508Ms and in foam grocucts ieak into / ./\ .
ey r}ﬁvchere from poar afe‘ﬂiw%‘j
wstens o 1ibmanaged Csposi - co /

Crge it e atmnsonere . CFMs sicwl /

C‘ffu:-z Craine stratosohere, e layer _ R
2oout S ) 30 miles above the earth, |

ir ‘;F CFPv.uduas%ocm refeasing freg '
créne that rezcts witn ozone, £ausing it F ) . /

to degrade into free orygen. Czer 2

<¢reens the earth from much of the sun's

damaging uitravio'e! radiahon. The 0Z0ne ‘

concentration in tna slratosphete is est- /

mated to havz alieady declned Dy 2°¢ a3

a ~3ult of reaction with CFAlS,

Atter steady and rapi . . wth, world
production of CFHS has ernained at
roughly Dre- 1873 levels, lafcely as & result
of @ US. ban on therr use™ 1 aerosol ,
propellants, Four other countries have oy .

Jimited he groduclion of CFMS for use in , . ;
aeresois: the Netherlands. Canadz,
Sweden, and West Germany. Since CrMs o .
do not easily break dewn intc other cer- : |
pounds 1n the iower atmosphere, the | \' J o e
cumulative amount 1n the strate nhore s . ey
prehably contnues 1o grow. | ' C
With the precont release 1ates of CEM, .

115 estimated that stratospheric £2one
couid be reduced by 16.5%: witnin ire ‘ & - e
redt century, causing a 4% ncrease in

the arount of ultraviglet radiahion rzaching
varth Thege changes"wou.d nerease the
potential 16 healih hazards, including a :
50% 10 100% increase in the incidence
of skin cancer, a decline in the yieid cf ' L ' |
50mMe crops arc damage to aouatir y. o .
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Carhon dioxide concentrations in air, )

1958-1979

T~

t

Parts per milion

3507,

sl
320}

319 '
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Mauna Loa, Hawail

. South Pale

1960

>

The biosphere contains 8, complex mixture
of carben compounds in 8 confinuous :
érate of formation, transport, ang cecor-
ngsilion, A central folg in this carbon cycle
& played by carbon dioxide (CO), which i
taken from the atmosphere and used by v
plants to synthesize food. When p|ams are
consumed by animals or decomposed,
00, is reloased back to the atmosphere. A
similar carbon cycle takes place in e
oceans, where CO, dissolves in witer, is

+ taken up by phytoplankton during photc-

synhesis and released 0 the water during,
respiration and decay. ‘
Largely because of increased burning of
fossit fuels, 003 concentrations inthe
amosphere are increasing. Readings at
Mauna Loa, Hawai, and at the South Pole
Ratarci, show a 7% increase over the
past 21.years. Since the beginning of the
industrial era, CO, concentrations in the
atmosphere have increased by 15% to
&%, A
G0, concemranons may double over
preinistrial concentratlons by the year,
2050 if global fossil fuel usg were to grow
at 2% per year. Increasing rates o,
deforestation may add to this trend With
an increase in CO, concentrations, sote
of the radiant heal that is reffected from

the earth back into space would be heldin -

the lower atmosphere. f @ doudling of the
(0, concentration were 1o occur, average

-global temperaiures near the ground
‘would be expected {o rise a few degrees

celsius; AS a result, there could be signif

cant geographical shilts in the locationof
-agricullrally favorable areas, With an

" increasesin lemperatures, ice sheets and -

. glacuers might begin fo melt with ocean

, " levelsdncreasing by several fee dver ll"e .o
following centiy. - vl

3¢

Changes in temperaturé caused by
increased-C0, concentrations thet would
have occurred over the past 100 years
may be oo srial o be distinguished from
natural warming and coofing cycles and
the thermainertia of the oceans. How
ever, by the time a'definite- COyinducec

- warming trend s detected, it could be Ve

difficult to avoid o reverse the cimate
changes because of the slow rate at
which €O, is removed from the atmos:
phere by the oceans. '
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‘Chlorofluoromethane produchon . .
N . 1967-1977 <,

. . Stratospreric ozona deplerion by halocar-
bons: Chemistry and transport, National
Academy of Sciences (Washnr‘gton D. C
1979), p. 21, | -~

- Chlorofluoromethane producnon shown
. mc!udes the total of the compourids F-11,
F-12, and F-22, which are abeut 95 percent
of the chiorofluoromethanes produced.

13-24 - ) -

Carbon dioxidée concentrahons in alr, . )
“958-1979

“Atrmospheric carbon diogide concentra-.
tion,-the observed airbor: s fraction, the fossii
' fuei airborne fraction, and the difference in
hemispheric airborne fractions,” R. B. Bacas-
tow and C. D. Keelmg in Scope +6: Global
carbon modelling, B. Bolen, ‘ed. (London John
\ - Wiley and Sons. 1981) .
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LNG
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mg
mg/l,
mg’/mr“‘
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Federal Highway Administration (DOT;
US. Forest Sarvice (USDA) '

US. Fish and Widife Service (DOl
. grpss domestic product
. 1088 national product

hydrocarbons

‘ HerilageConservationﬂand Rec‘reationSen‘rice(DOl)h | -
U, Department of Health and Huran Senices formerly DHEW] -~
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a * full-pag
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U8, Government-Printing Oflice
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* QECD.  Organization for Ecanomic Coaperation and Development
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o Enéliéh to'_metri'c
~ Welght (or mass)

_Avoirdupois (avdp)-—for we:qmng
- ordinary commodities o

" jewels, elc

- = 0.065 gtam (g} e

: i Ounce {oz){avdp) or 437. 5 gr {avdp)
2or 16 drams (dr)(avdp)’ '
" = 28.350.grams (g)

:*-Pound (G)(avdp) ur 7.00p gr (avdp)
. "or-16 0z (avdp)
o= 0454 kilogram (kg)

Hundredweight (cwt)(avdp)
* or 100 Ib°{avdp)
‘= ‘35.359_kslogmms (kg)

: ~Ton, shorl {avdp) r 2,000 Ib (avdp)
.= 0.907 metricYon -

Ton, long (avdp) or 2.240 b (avdp)
= 1.016 melnc tons - -

Ounce (0z) troy} or 480 gr {troy)-
“=2,31.104 grams (g)

i..pound (Ib)(troy) or 5,760 gr {1roy)
. or 12 ounces (02) ,

= 0373kiogram kg)

e

Length and grea

“.Inch qny
‘254 mxlhmelers(mm) ‘

Fool [{iv} or12in E !
"= 0.305 meter {m)

. yard (yd) or'36inor 31 -
= 0.9!4 meter (m)

4 Mile {mi) or 5,280 1
) 1.609 kilometers (km)

quare inch (m"’)
= £.452 square centlmelers (cm )

Square foo! 11!2) or 144 in?
0.093 square/meter {m°)

.Square yard (yd:') '
-0r12% in2org 2 5
0836 square meter (m )

O

ERIC

Aruitoxt provided by Eic:

+ Troy—lar weighing precious mcla!s
Grain (gr)(avdp) R R

B Liquid .
’

Acre 0r.43,560 12
L 0.405 hectare (]

\,
—

Square mile (mi?) or 640 acres

.+ = 259 square kilomelers (kmz)

Volume (or capacity)

.

Fluid.ounce (flo2) =+ ~
= 29573 milliiters (mi)

Pint (pt) or 16 1 02
= 0.478 fiter {

Quart (al) or 321l oz or 2 pt

= 0.946 liter ()

Gallon (gal) or 8 ptor 4 at

= 3785 liters ().
Dry

Pint (p})
="0.551 cubic decnmeler {dm )

Quant (ql) or2pt
-= 1. |01 cubie deumelers (dm )

Perk (pk) or 8 gl
= 8. 810 cubic decxmetnrs (dm )

J—
Bushel (bu) or 32 ql

= 35.238 cubic deumeiers (dm3)

76

L.

. Weight (of

ass)

Avoirdupdis (avdp)—for weighing
ordi%gommom!les

Tr y— for weighing prec:ous metals,

jéwels, elc

: -'@,-.\
chvogram (#9)
= 0.000001 g

Miltigrat (mg)
= 0.001 g

CoGemig. - .
= 0.035 o (avdp) &

= 0.032 0z (ucy)

Dekagram (dag) or 10 g
= 0.353 oz (avdp)
= 0.322 oz (troy) -

Hectogram (hg) or 100 g

= 3.527 oz (avdp)
= 3.215 0z (troy)

Kilogram {kg) or 1,000 g

=-2.205 Ib (avdp)
= 2679 b (troy)

' Metri¢ ton or 1,000 kg
~ = 1,102 short tons
= 0.984 long ton .

Lenglh and area

Mllllmeter (mm)or0001 meter( )
_- 0.039 inch (in}. :

Centimeter {cm) or 0.01 meter (m)
= 0.394 inch (in) .- .
Deufneter(dm)arO 1 meter (m)
= 3937 inches (in} L

Meler {m)
= 3.281 feel (ﬂ)

l
'

' K|Icmeler (km) or 1,000 meters (m)
= 0621 mite (mi)

Square millimeter {mm?)
or 0.000001 square meter (mz)
= 0,002 square inch )

Square cenhmeler {cm?)

- %0r0.0001 square metes (m )

= 0. 155 square |nch (ln )

A
Squa)e detimeter {dm?)_
or 0.01 squate meter (m"’l)
= 155 square inches (in€)
/
/Square meler {m )
= 10.764 square Ieel (Itz)

é Heclare (ha)

Jor 10,000 square meters l(m )
-~ .= 2.471.acres |

Sq'uale kilomez‘er (km2)
or1,000,000 square meters (m
=~0.386 cquare mile {mi)
Volume {or capacity)
Milliliter (m0) or 0.001 iter &)

= 0.034 fl 0z {liquid)

= 0.002 pt {dry)

Lller (I)

= 1.057 gt (lquid) R

© = 0908 ql {dry}

" Hectoliter () or 100 fiters ()
= 26.418-gal {liqui)
=,2.838 bu (dry) N

Oy

3

s

Units of energy

Biitish thermal unit (B‘Iu)
= 1,055 Joules
= 0.252 keal /

. Calorie ) :

= 4.184 Joules

Fool-pqund(n-ﬁ)) s e e

. = 1.356 Joules

", Kilocalorie (kcal)

= 0.000324 kal

Holsepowerhour(hp-hr‘l L
= 3,684,500 Joules . e
= 641 kcal « . o [

.= 2544Bl - '

Joulé(J) -® TS -
= 0.00024 kcal Con
= 00009478 By, -

= 4,184 Joules i, e
= 1,163 walt-hours - [

.= 3968BWw ©

Kilowatt-hour (kWh): ~

= 3,600,000 Joules

= B6Dkeal . J
. =;3413 Bty )
= 1,000 watlhours T

Quad .
= I quadnlluon Blu .

Watt-hour -
='3,600 Joules
= 0.86 keal

= 3413 Bt

e

For more: mlo;rhauon on conversion,
call'or write the' Melnc [nformalion: )
Office, U.S. Mettic Board, 1600 Wilson -
Boulevaro‘ 4th tloor, Arlington, VA
22209 (703.235-2820). ..
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air quamy 211-283
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: amtnenl conditions, 2764

-acid rain, 284

. carbon mondwide, 272, 274,280,

;B
' compliance, 290-291
- emissions, 285-291
- hydrocarbons, 272, 266°

in Standard Metropolilan Slglisli

. el Nieas, 275-279
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“melals 213,283
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*" ozone, 272, 274, 280
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uses and effects, 90
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mbient conditions *
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‘waler quality, 240-254
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arsenic

ambient concentrations in water,
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cancer associated with, 108
crileria, 260 {tech. note 112)
primary demand, 106
uses and effecls, 91
ashestos
cancer associated wilh, 104
flow in the environment, 101
primary demand, 100
uses and effects, 90
« sources and elfecls, 273
Asia, 297, 298, 302
| almosphere

" global issues, 330 33.’J

alrazine 0
- useby famtdrs, 94
aulomoblle 62-65, 67"
- emissions, 0
energy intensiy, 68
energy used, i
. fuel economy, 69
noise, 71~
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.~ passenger travel, 63, 65
. standards, 69, 70

“trangportation lo work, 64
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“benzene
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birds, 152-159, 166-170
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see also ducks
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‘Breeding Bird Survéy 153 172

{tech: nole 89
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. Canada
- energy.l&%
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127, 139, 150

buses, 62, 83, 67, 68, 71

- cadmiom

ambient concentrations inair,
i

ambient concenrations in water, *
N

253 . .
cancer assoCiated with, 108

" crileria for water, 260 (tech. note -

i ”2I

primary demand, 106 -

uges and eﬂecls 91
California condor, 168. 169

[

campmg 34,13 -

‘ ancer associated with {oxic sub:

stances, 103, 104, 108, 14
carboluran - '

" use by farmers, 95

carbon diexide .

“ambient concenlranons inair,
AT VA

carbon monoxide -
ambignt concenuallons in alr .

280 ‘

emissions; 70,280
standards, 70, 212

carpools, 64

central cites, 810, 48, 50, 56, 64
cesium-137
* elfects, 91 -

residues in mik, 112 ’
chemicals
cancer assomaled with, 103 104,
108,114

flow in.lhe’environmehl. 101,107

production, 82, 93, 100, 106
resicues, 96, 97, 98, 102 12
use, 091,94, 95,
' gee also loxic substances ’
1spe'ciﬁc chemical *
chiordang -
- residues in waler 9%
chiorofluoromelhane
.+ production, 831 -

| chrom|um -
prmarydemand 105 s

climate, 3, 13{tech. note 1-2)

CO {see carbon monoiide)

' arableland, world el

. se, 119

coal " _,\

. &cid mine drainage, 192

consumption, 78, 80.82, 176-177

deaths from mining, 183

fuel cycles; 169

heating, 184185

impacts, 192, 193,

location of fields, 190
nelade, 178

production, 178180, 191

reclamation of land, 192

surlace Jand used, 102

surface mining, 181, 193

undetground mining, 191, 193
coasls

filing, 164 ]

o populauor] density, 7.
prolection, 20, ,

ColoradoRiver -,

. waler uge, 224225~

Columbia River -+, ‘
- waler quallly, 242,246, 250

| compliance

industrial emissions, 280- 291

' crmcal argas, 15-44

hlSlOrIC places 36 37
palks 2835
risk zones, 38~ 44
wellands, 16-21 .
wild areas, 22-27
* cropland, 49, 118-125 -
. agriculturg| inputs; Lnned Stales,
122-123 -
~ agricuhural inputs, world, 316 ]
agricultural production, 12 314

erosion, 124

"

‘ modmcénoh from dredgmg q&d) :

el

" itrigation, 123, 220 2,35

location, 118- :
pesticides used on, 94, 95
 prime farmiand, 119, 120

o
—

DoT. e

fe5|dues in blrds 97,159
. re5|dues in fish, 97, 264
residues in humans, 98

residugs in mussels and oysters. o R
K _‘produchon 178-181 191 195

28

- resdues n valer %
" use by farmers, 95

 uses and eflecls, 90

‘ |ocanon of résources 190 194

desettificdtion, 310-311 .
Delaware River. ,
waler qualny, 243, 247, 251
dieldrine i
resndues in birds, 97, 159
residues in fish, 97, 264
seg also aldrin

discharges 10 water, 255-257"
- dissolved oxygen

ambient concenlrahon In rivers, ",
S R
‘crileria for waler qualny 244,
260 (tech. note 11-2)
" sources and eflects, 239
ducks S s
distribution, 156 SRR
" hallest, 156: - AR
populanon 1:)7 : Lo
dumps, 84, 88 (tech. nole ’9{ o

‘o, [

kest . -

- Ives lost, 42

location, 41. -

property damage 3
eleclncny

appliances in homes, 55
anergy.consumed, 181 162
“healing, 184-15 |
production, 200, 205

water used by electric utilties,

220-221 o

emissions -

aulo, 70 - -
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