
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/




1.0 2 8 2 5 

•

1

.. 111112-3: 

11

1 I. I , 11111

2 0 

1==== lllllJ .B 

111111. 
25 

111111. 
4

- 111111.
6 

\~ '• i I ' ' 'I 



' 

•• 

.. A .. --- •. I 

Di~lf'f 

UNITED NATIONS INOOSTRIAL 
DEVELO.PMEt."T ORGANIZATION 

Dis tr. 
RESTRIC" TED 

UNIOO/ITD.157 
19 February 197 3 

ORIGINAL: ENGLISH 

INDUS'l'RIALI Z1TION l.llD l- IRONKEXTAL ,OllALl'l'V: 

A SELFCTED BIBLIOGRAPHYY 

by 

B.V. Bochdolt 
Depar'tment of Economics 

University cf Northern Illinois 
United States of Atnerica 

l/ The views and opinionc expressed in this paper are those of the 
aut.hor and do not neccscarily reflect the views of the secN.tariat of lfHIDO. 

id.73-1080 



f 

• 

• 

( i) 

F-OREWCP.D 

UNIIO has undertaken to develop an active programme in the 

Er.vircnmen~l Aspects of Industrial Development. To this end, it is 

!'.'!·ovjdinl!' di:::-ect technical a~sistn.r:.ce to the developing countrieR in this 

ii~ld as well as cor.ductini:r t.turi.ies wi:ich are desi~ned to supi;.Jrt. the 

tech~ical assistance progra-;;rnes. 

·I'he "first study entitled Induztrial Develooment and the E.nvironment 

~a~ p-repared by U~·.IW as i tc basic input into the ''UN Conferenct on t.'ie 

h1..11~an Er.vironmer.t" held i!1 Stccknclr.i> Sweden, in June 1972. That study 

beginc with a brief introc:.uction to the main issues inv~lved in !he 

relationshi? between industr~al development and the environment and 

proceeds to discuss (::.) -ch1-: C<lnseq'.4CHCeE cf i1i.dustrial processes and/or 

p1·oducts u~o:: tr.e environrner.t, (2) the rar.ge of available a.p.,-:.roaches to 

1he mdllagement of the envircnmcr.t by indusiry and (3) recol'!Elendations for 

action in this field which <.>.re categcrizec! oy maJor agenda items of the 

Stockholm Conference. 1'he st~dy also outli~es tf.e range of UNIIX>'s 

c-.cti vi ties ir. provid inP, technica} assie tance to the developing countries 

in tt.is fieltl. 

It l.G corm:on knowle1.1ge tr.at wi-:liout appropriate pla.nning, rr.an&gement 

and control techniques many indu~ trial processes and proa1:1'~" will have a 

ie trimen tal eff f c.t. l!pon t~H E-nvi !'r>'l" r rt. The pur;-.c~r: of •,!;F '1!"C!'ent study 

w~~ to cornpile a eeneralized Gnd ~el~c-ccd bitl~ography of ~ne,liGh-language 

puu~icat.~ons on the detrimer.tal €r.v1ronmer.tal effects of industrialization, 

w'..th particul1 r emphasis being pkccd upor. µublica.ticn11 tJaa.t would be 

t.€lpful in iuentifyir.r; industriP.S whoze ope1·ationo produce euch effects • 

'.:'l;is bibliop,raphy limits it&elf to publications which discuss only those 

cietriir.eT'.tal env1rorune::tal effects directlv rdated to tile loca.tior. ar.d 

op.?ra!~ior. of tt.e largest poJ 1·,.ti111:' in<lu~ trial sector~h Every at~empt was 

ma.dP. to select cr.ly materia~r that r:iip:tt te helpful and appropriate to those 

interested Ll indi.;.gtrial ciP.vf·~op:?ient. Jn tnu~ crintP.x~, pa.rt II of the study 

di3cUSHe8 ''Env1ror.mental ''ollu1 ion: ov~r·.riew and ~rr,hlP.mG in aelected 

induetr1es" whereas the 1·f:mair.dcr of tl.c ~t.ud,y .is devoted. to t.hc classification, 

cat.cgorizatiori and l u·t.!..nr, of ::occific publica.tlo~a. It ie tho1J8ht that thie 

( 



work will, therefore, provide policy-a-.akerE, ~an~gers and th~se interested 

in the environmental aspects of industrial development with a list of 

materials that car. be helpful to ther.i in formulating a.,d implementing 

poiicies and programmea in this fielc. 

Since the pre~ent study provides guidance to man.v ~rinted materials 

relevant to the idcr.tification and genera.lized a$!)ects of the :ietrimental 

enviror.menta.l effects in selected ir.dustria l sectors, UNIDO intends to 

utilize it as a basis for further work wti~h will concentrate upon 

specific probleQs 1 and ~ethods ar.d technology av;iilable for solving these 

probler.is 1 in specific industrial sectors. Any cocner.ts on this paper 

or suggestions regarding additional items for inclusion in subsequent 

issues would be muct appreciated. 

Industrial ;;ectors Development Section 
lndustri14l Technology Div1eion 
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PA.~T I 

INTRODUCTION 

P~~ t I c~· ~l-tis r•·pc,r:; cliecusse> the pu~oee of the project 

an:i the ge:mre.l ~pprw.ch a-·:! eccpe of ~he project. Par'i II present• 

fir£t .sor:ie defini t:'..or..<:, ccr.cepts, cla3sificatione t and relationships 

that provide a b~ief ir.t~cductory overvi~ of environme..~tal pollution 

'.ll'ld its controi, cspeci~lly of poll~tion associated with 

indastria.liza ~irm. P~rt II also c!isrusses, wherever practicable, the 

production !-:!'(;Ce"'SfS1 r'CJtt:i.tial poll~tan+s, ar.d polJu\ion control 

measu:res of f .1..rr.::3 in selec-.ed ir.dl!strial categori'!s. Part III 

presents a list of' r. ~ ectd. pcriGdicals and a guide to the 

bil: liography 1 wh:c:1 is prF~~nted in Par't IV. 

PurposP.__ of t~P. ?rojec~; 

The purprir.;e d' thE ;;roj1::-:t is to compile a biblio,:raphy 

cf Er.~lish-lan.i::ua5::: pu.bli;'"\tior:s on the detrimental environmental 

effects or i · ;,_,s ~ri 1l!z<itic::, l-:itI'. ci1ecia.l attention being paid to 

id eY1 tifyi1:;: materials tlu t '4c,.;.1ld be helpful in identifyine industrie• 

whoE;e operations produce detrimental effec·~s on the envirorment. 
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.loproach of tne Fro) ect 

'T'hP. t;l'r:e:::-al ap::;rroci. 'l5~d ir. ;1us ~roj-:·ct -;.F. ( ~) to 

conduct a thorcu.Kh 1 ibr.::.!':y s~sr·~h, (L) to su.rve:;- the economics 

litera.'.t:.:::-e 0:.1 polluti.•.)r. ~'.-.0 relev.;.,;t rc!a<;'?d topics, (3) to 

write 1.0 perccns a.,16 ~rgar.izatio:1:J who are ir.tcrested in 

environn:er..tal q"t:al ~ ;y, { !, ) r.o ~;ubscr: .::e :;o the refe1'enc~ service 

of N'l'ISc-a.rch~ a se;•:ic~~ of the Nai~or.a.l 'l'~cr.nica.l Information 

Service of ~he l .~. "'.)epa;:-tmf::n"t o;· C::>oLi•ercP., a.:£ ( 5 j to carefully 

select bibJ. :.·:grap'1ical ::.·af€·1er,ces i or ind us.ion. 

An exha:..;.stive se2rcn wc.;.s cor:ducteci in th·~ ger.eral library 

as wel::. a.c; i.n "',ht:· ~over-;::e!"!1. '1.0CU."1'€:nts sc~t1on (a fed.er3.1 depository) 

of the ~:or~! "!'To .I1 ·1 ino1s Ur.iversi ty l 1brary ror ma. terials to be 

':.be curve:i• o ~· -;he l i t•::.'.·a ture in •)ccnomics d~al ing with 

pcLuticn a.n'i r.!la.ted tc;,:.ir:s w:c.r:. rc~d.icted through the use of 

',he Iucex of ;:c0!'-.c.rnic Jc•u!·r~la an-.i the Index of Eccr.cmic Articles 

( 1950 Lr01..~~h 19c5) ar.tl 1te Journal of Economic Literature 

(1969 thrcugh l'.;71). 

Neariy ;~::-.c letters o~ imrui:)·, asking about titliographiee 

::i.nd o.her rr:atf'rtc...l:.~ relai;td to ~he proj,~c,';s, were eent to individuals, 

selected corr;c.rat1om;, :·rivatc a.cosocia.ti.or.~, research institute&, 

federal, Etatf', ret;ior.al, G.r1r! ;;Plected local ()1' metropolitan agencies, 

a.r.<l ~enci ei; ir. :::lx F:nr:i; sn-flr-eaki.1g fore1gr.. countries. There was a 

64 per cer.t r.:spor.ae. 'fhe MaiHng lict is not reproduced here but 

rlct..'""-i l_a car. be fur:r:iahed on rN1uect. Among those who responded, the 
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following parti€S we~e e5pecially helpful: 

Essa Research <..rid Engineering Co~pany 

(The) Int._•rna ti or.al Bank for Hecons"tructi '.l!i and 
:ilevelopm~nt 

Mobil Oil Corpo~ation 

New Er.eland !nters~ate Rater Pcllutiu~ Control 
.lssoci tion 

Organ:.zation f:>r Econ~ic Cooperation and ~velopment 

ResourceE for the Future (Dr. Allen V. Kneeae) 

State of California., Air Resources Eoard 

State of ~iew York, Department of HP.al tn 

Tennessee Vallty Authority 

U.S. De;artment of Health, Education, and Welfare, 
National Air Pollution Control A..jiinistration 

U.S. Departm~nt of the Interior, 
Bureau of fl.)nes 

U.S. Environmental Protection Agency 

In order to help asmire that the ~ibliog~aphy was compiled 

from the most comp~ehensive aet of candidate publications, the 

services of the Na ti or.al Techr;i cal In fo:nDa. tJ on Ser-vice of the 

U.S. Department of Co1:1inerce WP.re purchased. This service, called 

NTISearch, provided one "1111dred bihliograph1cal entrie!'l of government 

publicl.tions on "what indu tries erni t what gaseous 1 liquid, solid, 

or other wastes into tr.E: a.tmosphEre, water 1;;yatems, or onto lanj 

and what arl'! the economic and other effec,;s of indu~tr1al envirOl'llllental 

pollution?" Man,y of th<;se er.tries are included in the b~blio,"'lLph) (Part IV), 

-------------

( 
' 
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Score of tht ProjAct Jnd SclPc~ion Criteria 

Bocausc 0f the pocentinl~} l'~oa~ antl pervasive scope 

of' t.he biblio&raphy, the dc-lineat.i •. m of selecti'-'n critc1'.~A 

and the s~mult.:1neous df'finit.iu:i. an.i in1Je1·pr·otatjon of' 

"detrim~n~~l 8nviron~ent~} ~rfects of indu~trial~zation" 

required contj_nual cvc..lua ti.on and frequent :;.·.:vision. 

through this proce!iS of" evaltl<'\tion d.n(: revision, some usE'!f'ul 

general selection criteria ~ere developed Lhut helped to 

define ond to in terp~·11 tr:; the rn.:.rpo5e of the project and to 

direct the project ta~ks. In general, the 1 i tera turc searcl! 

:focused on the direct. d&trimGntal environmental ~ffccts of 

industrialization, tbo~e that. are rel::ited quite directly to 

the location and operation of indu5trial f'irms. Publications 

on the indirect detrimenLal environmental of:fects of indus

trialization, such as -c!lose associated with urbanization and 

consumption, arc not emph<.1siz~d. Consequently, topics such 

as •·ir pollution rrom mobile s0ur< es, household solj_d waste 

man~gement problems, and household incineration are not 

covered. 

f'urtherrr.<Jre, the pollution effects o:f basic agriculture, 

and extractive indust;rjc~, st.Jch as air pollution .from field 

burning, rler;aying 'lr'imals, fer:al mater.i.als, soil leachint", 

mine traii.ir.gs, and envi.LCi1ment.·.il et'fer-ts of tj_mber cuttine 

are not covcre<l, althoue;h 1'nod-proccssint; <.tnd r~w material 

' 
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procE:ssi:1r; indus trios are inc ludod. For .:he most part, 

11 dcltrimental env1ron:;;~nta.l effects of' industrialization" 

is interpreted a~-; "detrimental exl;c•·nnl effeccs produced 

b)" manut'n.; tur in;; ~irm!.i ilrH~ ind us!. rieti." 

Al thou~h many scienti.f.i.c d.lld tocl.nical materia·l:-:; f'rom 

engiueer1nt;, ctgy·i.cuJtur'?., c!rnmi:::try, b .. olo~, anti other 

scien tif'ic anc.! t.echni.cal fields are inr: luded, ina tcr ials on 

detailed technical topics 1.hat prubably M.-ould be ef' little 

or no interest to most indw:;t.rial ,leveloper.s ar'? generally 

excluc!e.d. Most of the ~cientif'ic and t.cchnical publications 

deal with variou~ aspects of waste management systems, which 

are u.:sually designed to act directly upon the polluted 

environment, rather thnn to identi~y and to deal with the 

sources of pollution. L:i.kcwi::;e, mt1.:it of the detail~ct legal 

and public ad:aiu.istrltion literaturP- 'ln pollution and environ-

mental quality management are excluded. Also, cost or the 

currently pc,pular books on cnvironmuntal pollution that 

are 'WrittPn to i:1hock or arouf>e the general public into 

supporting pub3.ic :!'.>oljcy recommend'=ltion:; Ly an individual or 

gro~p are excluded. Evory <: t tempt lw s boen m<.!.de, within the 

time constrajnts of' the project, to scl~ct only those 

material:-; t"ha t might be helpful c.:nd <Jppropri.a te to tt.o8e 

intero:.>ted i.11 ind11~t1ial development • 
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PART II 

ENVIRIJX~f'TAL POLLUTION: OVERVJE;.- AND PROBLEMS IN 

SELECT'!<.:D Ii\Dl:STRIES t · 

The purposes of this p~rt are (1) lo provide an over-

view or industrjali:c.ati.on, pollution, and environmental quality 

and (2) to discuss, wherever prncricable, ~he production pro-

cesses, type~ or potential pollutanLs, and methods of 

pollution <::offtrol in the f'ollowing sP.lected industrial 

categories: Chemicals, Electric Power, Iron and Steel, Food 

and Feed Processing, Nonferrous Met•1ls, Petroieum Refining 

and Petrochemical Products: and Pulp and Paper. In order 

to provide d gener;il overview and gcner<il discussion or 

the selec-ced induE;tries, very few statistics are quoted and 

virtually no reJ.erence.s are made to dates or places. 

Overvj ew of' Inrlu::ot r_i e.1 l i z;t tj nn, Follut .ion, and Environmental 
Quality 

Most or the devr:loping- economies of' the world today 

are undergoing a transition from an agrarian economy, with 

re la ti vely l< .. nd ;:inu l:::i bor- intensive produc '.on, to an ind us-

trial economy, ...:ith relative capital-intensive pruduction. 

In the course of this indu~trializing procnss, poMitive 

net invcslmont H:':lually takes plac(~ at a more rapid rato at 

some pl<1ces Uwn at othnrs, :!nd fastcf' l in some urban areas, 

.. 
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e~pccially t:!:ose ~-t" tro.r!~port~ terminals. Becau~0 production 

involve.:: the u.:;n .J!' fa.cto1-s of' p,.-~,·itt·-~jon oi..her th<\n capil:a!, 

esp~ci:illy .ic1bor, Urban ,li-E.'<:tS \..·ith { l"ie gre<::ti:e~t. ''nt!<>Ullt of' 

capital, especi~lly rccPntly u~ newly invested ~apital, tend 

to become nodes of' popul~.t ti.•1n grow. t.h, a11cJ u1·banizLi ti on ucgins 

to occur a~ the pcr~entage of' th~ tu~Rl population residinc 

in urb<Jn <:rea~ begins to increas.~. 

As firm.::; dnd people agglomerate jn spa<::c, "their pro

duction aad <;onsumpt.ion :.i~ti""'.·itic~> tcni.l to pcoduce ex·..:..ern.:i.l 

eff'Pc ts, :'> cme of whicl~ a re desirable (ex tcrna. l economies and 

ut i.li tics) an•...!. some o-r "kldch are undesirable or det.cimenl:al 

(external dtscconomies or disutili~ies). The desirable 

extern-ll <':'fee ts tend to promote the further economic and 

popuiation gruwth of urban areas. ~fany undesir~tble ~xte.rnal 

e!'f'c": s a.re r;olerated totally or partially as part o.r thB 

r.ost of econvmlc g-rol-vth. ~ide~irabl~ external effects or a 

given. change in many production or consumption <ictjvitie::; 

in a develop>1g economy with a rela1,in~ dispersed pattern of 

production <ind con'>umption artj.vi.ti.o.s may be less than they 

.,.,;onld be in i nrht5 tria lly \\'elJ.-d<:?veloped high-density urban 

Thi.s tliI't'~:ircnco .in external 

effects m<.Jy o.f'f·>nl " dove.l opj ng eco11omy z:.n udvantae,·0 in 

pruduction and trade. 

Some un<lns.irahlc external efrt~r;ls of production and 

consumpt.io11 activit.i.es -:in? ~lassi.f.lcri as e11vironm'?nt;:i.l 



i:·ol lv.ti·Jn. 3;·1vironment<~l pollu~ion catl be ~s.1d to occur when 

per::; ens adver:.=e1:1 affects ;.he l<t:i l 1 ly er productiv1 ty of other 

perso'ls or r,r "'!up::; (external cf feet:;) thro'1€;h the emissi or. of 

undeaira.bie m;,. tto?!' or e~e:r-g:, into tr.;- ;>h.ysical or 

soc::...al enviror~-rient. Such ur!d.es!.raole mc..r.ter o:- ene:.-g:/ that 

ic etriit-t:.:;..i i~tc the env1~·orur.ent is called a pollutant. 

Poll:J.tants are u~ia.lly icentifiec as either pri.'Jl&ry er 

secondary. A primary pcllutG.nt is o~e tr.at is en•1tted 

d ir~c'tly into the enV'ironment fror.-: .; ... <.; r:;ource anc exists 

in the er.v 1ron.'!1H1t ir. its emitteci !·crir.. A. seccr-dar~ pollutant 

is o!'!e th'- t is formed in the er...vircnrr.~nt. Photoche.rical 

smog is an example of a secondary ;J(,llutn.r.1; '.1ecause 1 t is 

formed by ~he :.;ola.r irradia~L:.:~·. v:· air pci;.uta.nts that are 

trappE:d 1.n a.n a.1r mass. 

En•:irc::mer.~a.l poll · .. tar!,;£ a.re usually clasuified accorcing 

'..c the r'rl!1cipa.l pa.rt of the physical env.1.r::i:-.mer,t th?.t they 

pollute--atir.cspi,eric, .,.ater, or solid - or ott ... r d1sti.n~;.iiahing 

cna.racteril3t1ca. 

"· 

" 



The follo .... in.~ ra· a~:;-aphs :ii.SC'US::> t.)riufly t-he more 

cornmon at:.1osphHr:i_c~, :..-ater, um.l ,;olid indl.;strial pollutants, 

some of' the sources vf th~se pu.lut-... nt.s, '-'!fects of these 

pollutant-.:: on the environment, and some genf-)ral control 

method:: .• 

Atmo!jpheric: Pollutants 

Types ar!d SOLff..;e~: ur ,\tmo~pheric Pol.Lnt-.nt:s 

Atmospheric r:icllut nt:-: inc1uue particulates, hydro

carbons, sulfur oxidns, nitrogen oxides, carbon monoxide, 

and :fluorides. 

Particulate 111attcr may be solid or liquid, and it 

includes dusts, rumcf', :fly <-.sh! 3Cro::;olst mis·Ls, oil, and 

smoke. Industrial plan+-s aro ;i major l"Ource of particulate 

matter, Some of the major ~.ndust:rjal ~~01irces o:f particulatces 

are food proccs SJ.•~G' and render.lnt~ plants, petroleum refineries, 

foundries, pulp <•nu p&per mill~, s:nelting operations, chemi

cals manuf'acturi:1g·, iron a?Ld steel mil ls, fu:;sil-1'u?.l 

electric power c-enera t j ng pl ·u1ts, cement and asphalt. manu

f'acturing plants, aud cokir<f, plant!;;. 

Hydroc<.trbon:-; constst of hy1rogn11 and carbon. Hydro-

carbon vapor~.' a1·e emit t.ed from c:oa l, net tural g<.1.s, petroleum, 

and biologJcal product~. Hydroc-~n·o1Jn vapors also join with 

ni troecn ox..ide:-i under co rt.a.in a tmn;o,pho~ic cond i Lions to 

produce pl10toc hcmicc.1.l smog, n sue ondc.i.ry po llu tan t. 

------ --·· .. ....:...~~ 
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Ga::.oline pOW"•)red engines ::i.re 01'.C or the primary 

sources of' hydroca-b 1>11 emission::;. Smaller amounts of 

hydrocarbons <1re 01r.i t tod fr-om indn:::-trial sources including 

the petroleum and pc:trochemi.cal i;idustry and the f"ossil

fuel e.lcc tr ic pow~r cener<i. \,ia~- j null:'> try. 

The oxides of suliur c.:.rc composed mainly of sulf'ur 

dioxide, sul~ur trioAide, ~ulfuric acid, ~ulf3tes, and 

snlt'ides. Of' t.h(<se the mo~ t ~iQ1if'ic;.int L·lUSa \Jf air 

pollution is sul~ur dioxide. 

Sulfur d io:x.ide is a col,irle::;s and noni'lammable g'dS. 

It produces ~n un<les1rctblc odor ..ind tc...s t.(' :i. t certain leYels. 

The pr.imary source or oxides of sulfur in tho atmos

phere js the burning (combustion) of' .fossil fuols. Fossil

fuel electric po\.;cr c;encrating pl..;.nts, pulp and papor mills, 

smelting· op&t'a tions, refj ncry operations, sulf'uric acid 

manuf'actu~ine plan1~ and iron and steel plants contribute 

RUl'fur oxides to the atmosphere. 

TwrJ of' the oxides of nitrogen are significant air 

pollutant~. They ~.1.re nitric oxicl~J and n1 trogen dioxide. 

Nitric oxide h<1s noJthP.r col·•I' nor C•ior; nitrogen dioxide 

has both f:I r;:.i.ther str<Jng odor and a reddi=h bt·o ... T1 color. 

Nitr·ogPn o.xjrl.-·~ ;1ct ~is air pollutants not ouly alone 

but in comb.innt.io11 \oiith other cont~ir1iinants. l"or P-xample, 

one comhina ti on of ni trog·en •.>xidc <1nd hydrocarbon~ in the 

<3 tmo!".phorr: prr.1duce~,; photochcmi cal smoc. 
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The primary man-made source of' nitrogen oxide 

omis..-;ions i~ the conib:is ti O!l o.f .fossil fuels. Fo!"sil-fuel 

el~t~ t ric gun era tint· pl:,n ts, p(? troleum refineries, various 

mo-~als plants an-! other such industries are contributor~ 

af nitrogen oxide pollution. 

Carbon mo;~0xide i~ ;.1 tast;eles:s and odorless gas and 

is a widely distributed and romman pollutant. Carbon mon-

o"':ide results pr.1..r.iaril.y f'rom the jncomplete combustion ot: 

carbonaceous material (coc..l, ruel oil, natural ea~) used as 

ru~l. A large amount of cart:on mono~ide is released to the 

a~r by easoline powered vehi~les. 

Soi'lu of the major iudu.:;triaJ_ contributo1·~ are 

steam ele.c tr:i •..: gennra ti!ig riI an ts' krart pulp mil ls' steel 

miiJ:-:, iron foundrjc~, petr•>loum refjnorjcs, and sintering 

1 
plants. 

There ;1r·~ m:Jny other pc.·llut inc· substances found in 

the atmosplwro in sn:aJlcr quantities. AmonG the more 

dangerous of these is lead because or its deleterious et'fect 

The i:. S. Department of Health, Education, 

and ~clI'Lr~, ~ational Air Pollution Control Administration 

presently pl an~ to document Uw nf'f'Csc ts of the tie :>ubstances 

and prov.i.d~ <iir qu::dity c:1·itol'ii:i within the near future. 

Effr.cts of A it-· Pol 111tan!::<1 

Thero .are many an·' variecl cf foe f.s of atmospheric 

pollutjon on m<1n, othr~l' anim;!l8, and the. environment in 

----.-----,--------
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general. Sc:;..e of the more ouviou:;: ;tnd Fir;nif'ic:ant are 

Farti·~ula t.c,.;, ::-ult'J.i.r ox' de, :;:ul.f?ff dioxide, nitrogen 

o:xide, hy.:iroearbons (either 5cpar;;rely or· in combination as 

irritation, d<..mae:c ~ .. :!'(!!".[; i l'·' tnr'· .sys tcm:-;' rJamage to materials 

monoxide in suf'!icient quantity af'f'ect s the net.·vous system 

of humans and can c~u~e serious hculth cff'e~ts ~~~ -··-- A-~4-}. 
~. -·· --- ---· 

Fluorides :i.n :sufficient quanti ti...:-s an·· detrimental to animals 

and vegetation. Flt.or idt;.s arr! stored by vcgeta ti on and when 

accumula1:t1d ; n surfJ e.i.ont- amount::;, they c.:tu!-'e adverse 

eff"ect:o. and po5~~lbJ.y doil!::h t.o animals wlw eat the vegetation. 

f'luori·:ie.'= Jn<ly :tl:-10 stll"fnr ;"ldversr! g-cncr<:l health effects. 

Methods of Atm0::,pher ic Pol!. ut icr! Cou t ~nl 

use of control t.c,:hn1 •:ue~ ;,h;) t i.! r·f: c11r1·cn tJ y <n.'ailable. The so 

include control dcvir~es ~:uch d~ af'terhHrnen;. electro~tatic 

precipitators, f:..tl.ric fi)t:pr:;, r.vclnnf~,;, wet Cdps, scrubber&, 

addi.ticn to the use- of" th!:!ie r:ontro;. <!evi.ces, th~ uso of' 

tall st:t~k::; to di:-:rwrse: pollu!.;..tnt.-; r·,,t?r' a wide aroa, thE1 

moro effic.ient. dn:'licni11{; .. f r·< 1 Hif·m1:n:. U=->od .i.n manufacturing 

.. 

( 
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i.-rocesscs, the use of' ~ood hou:;ekcopin~ practices by ind us try~ 

and the subs ti t.ut i Oii uf' lr,w-::.u 1_ rur fuel~ for lligh-sul fur 

fuels ~ill help to reduce thP ~tmosphorjc eruishions rrom 

indu~trial sources. 

litatcr Pollutants 

'l'ypo~ anrl Suurc.:os o.f ~·-itcr Pollutants 

Water polll.:tants i."lcl.udc settl<'.'~ble anc! nonsettleable 

suspended solids, dis:::ol-red solids. and a widP variAtv of' 

organic and inorgar.ic r.:hvmical rompounds and substances 

such as oil, pcst.ic !.des, 1·ertilizors, and phosphates. 

An 0stimated one ha!:f or moro of" the liquid or liquid

borne pollutant,s t,ha t aro discharged into waterways come 

from plants in four in~ustrial catogories: ~tlp and paper, 

petroleum re.f'ining, cheruicaJ_s, and iron and steel.
2 

Other 

significant contributors include food processing plants, 

textile manufacturing pl:1nts, met<Jls plants, agricu~tural 

runoff', rr.jno dr-aina~e, a11<l construct ion projects. 

£f"f'ectf> of Water Pollut:ants 

When liquid or i irtuid-borne pollutants are discharged 

into a l!fa tP.rway or :-·~tor body, :--urious µol lution cun result 

unless th~rc iti sufficiant rlilution. If o.ffluents containing 

organic material!,; sit,Tlif' i cantly incraa.ees the biochemical 

oxygen dcmar!d (.B.O.D.) in the waterway, etquat.ic li.fe can be 

~ndangcrod bPC<.tit:::C of tl1e re<fuc tivn uf dl:-;::-.. >lved oxygen in 



the water. 

damage or· kiLl .tqH.1tj::: li!'e. 

waterways so th.i.ckl~- that ·=-rt::a~isms on tlm hottc•r.l cannot 

continue to t.hrivf". , thereby n.:-d;_ic _; nr, the .fo•>d supply of fish 

and ot~1er aquatir li.fe. E1Tlu1:Hts also often dJ:H;olcr the 

waterw.:ty into whic.'1 t:hey .:n• ,1;_~chargen anc~ frequently produce 

undesirable odor5 ;n;.d las tr~, in addition to presenting an 

unsightly app•.~ar:m<:c ond rPndering the water unu3able f'or 

other purpo:::ns. 

Therme!l !lOllut~o11 ,~ause<l by cii~ciw.r~in::.: hf.'ated wators 

into waterways car c;::usf~ .... ome •:ompouuds lo bc;:;omc morP- toxic 

to Hq1..1atjc life, C~!fl al tt)r t 11e reproduct..:.on ratec:; of' some 

species of O!"f;<-n.isr.1s -~nd ~alt rcdu<:e t.hP divPrsj 1.y of species, 

can reduce the d.i::-snl...,oc.!. ox~ c;en iH r.h,, \.;.·lter, and can 

increase the ~ru...,U1 of ~01r.c pl;,nts th:u .. produc.:e t;ast.e, odor 

or colcr problPms. TherrnJl po·' lulion CC'.n also reduce the 

usofulnass of' tho wa tnr ro:· furtlwr c cioJ.ing. 

Me~hods of Water Pollnti0n C:>:itrol 

A:;; with oth~·r fm·rri~ cf pollu i i<in, there are variod 

types of' \ll?t.er pol.111t1.•Jn coritrvl ml)tlwd~; ~1nd procc:-::f;OS. 

Treatment l')f ]udu~_;t,r·i;iL!y ~1nll!lt.E'H; \;ate1·:-_; may be accomplished 

individually b:: f.i.r.11:-; u~in;~ their own ~-roatment fa.::ilitics 

or in tho casr! of · ome _;ndu·;i,rios tli,.n11fh th~ USP. of muni-

Types of 

-..!____ - ~....-.-oc:c;;;.·-·---
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Lraatmcnt processes inc~udo ~dsorpticn, settling and 

(of' sludge), i::naeulat~t.>n, s1<.imming, revorse osmo3is, .lagooning, 

f lo ta ti on, ba~ te•·i.:.tl dHco:upos i.. t...i.on, trickJ. ing f'il tors, cooling 

tc.w·~ rs and. po11ds i'or •lischa q~cc! heat. 

AJ_~() a~ \\i th other form:-- of' pu Llution, caref'ul ope::-a-

t.i.ons, suh:oti.tutit:n of los~ r·olluting processe~ or equip-

meat. and coritrol,lnr pctential pollutants before they are 

d 1.5chargod wil 1 ~id iu reducing the pollution of' waterways. 

Solid Waste 

Types arul Source:; of' So:..id Waste 

There a re many kinds IJ.f sol i<l wastes that result 

f'iom industrial proce:;ses. A brief lls'ting coul<i include 

pl;-.~t ic s, st: i'<lp rubber, dowd te1·ed sJ udge, re!dduals from 

variou~ Cood proceEsing oper~tions, slag from iron and 

stoel ~anufacturing, catalysi.s, rJ.ay, sedjments, glass, 

wovd ~hips and bc:irk, ".l?Hi many other combustible etnd non-

:.; 01nbu5 t; ib lo ma t:erial s, 

Sources of soll<l waste mat~rial~ uro many and var~ed 

but could JncJude \a>Od f1roducLs rncinufacturine plants, chemi-

calf; manufacrurin1:- p..'..untf;, iron and stoel mills, pulp and 

vapHr mills, food pror;es~d ::J.G plan ti,;, p(~troleum refining 

operations, and m<1ny oLher;; • 

• 



have tl-.e puJ luti.Hf~ p·:·tf'nti.-11 CJ!' ""tst0.:< th:-it pollute the 

·ttrnosphere :•nd ""'' tcr in t l1<:t t 1e effect;; ot~ soJ id wastes 

ctr.e usually expericncPrl ;;.olely or principu.Jly by th"" per-

son, group, or iu~tj tut:ion that· prQ<iUt:c:~ t'·.e '30lid -waste. 

Hence, the i10llu1..!.nc clF1ritCtE:ri::'tics or solid W~l5tes o.re 

usually expcri n1,ceii mu~t st rnn~l y by th0se -who produce the 

sol1d waste:c; •~nd, thf'rei'ore, are di:;;pc:-;ed cf by their pro-

ducers through 1·elatively effective solid "1-.'.aste manage;:ient 

systems. 

Control r:.ethods for !'.o Lid wn!j t<>~ Lac Jude open 

dump burnjn._;, 5.ncineration, ~anita:::v lanufili.., composting, and 

deep ocean dumping. 

Some wc'Jste ni;:tcri -il~ aro pre!;~ntly twir.c recJaimed 

and rec.ye led into cnr:1par.:i.lJlt> or •Jther commcrc ial products. 

Examples of thc...;c arc pa;>ur, glass, rubLer and pl:.istic 

products that. can 1.:c~ rclritiv.::ly pasily reclaimed and 

recycled. 

Hc:;oa rch ( , 
It woulrl .<lpJh~a r Crv111 tlli s survoy thi:! t there is some 

type of roso<Lrch hcjn~ r0nd11cted (Ill virl•1<:.lly every aspect 

of pollutJon--lype:~, -"Ources, effeck;, prevent.ion, and ' 

control methods. In .-drlition t•) cffo1·t5 .,..ithin ('Ountries, 

there is part.icipatio11 .unnrir': cor.mtrie~ in an •.'f'fort to 
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..Lmprev.:i envirunme:n"t.:il c1:t::!! L"ty. Jt&~·cemeuts "between some 

po11.ut~ on control ;:lnd n~_,earch are alreaoy in existence and 

others involving addit.ional Cl'l1tnt;:i.3s are being negotiated • 

In the fullowi11g sections! the production proceeses, 

types of potential ~ullutants, a~d methods of polli~ion 

cont1·ul are dii-;cus::ed f'or sclocl;ed industrial cate{~ories. 

Chm:ticals 3 

The chemicals catce-or:r incl udcs firms prodt~cing a 

large numl:>er of widely diversi.fiod consumer and produc'9r 

goods. The major 11ro1ltt<•t rrroup.;; constituting the chemicals 

category arc: 

Ino::-~an.ic inclu~tri<d <'hemicals 

Fertilize1·s and 3gricultural chnmicals 

Organic .industriJl chemical:i 

Pharmac&utical~ and mrd~c~l chemi~als 

Plastic.& 

Soaps, detergents, and cosmetics 

Synthetic fibe r·s 

Varnishes, p;.1in ts, l.::~cquerR, enamels, etc. 

Other group:3h 

li-:-cau:.;o of th~ w.ic:t' varJ~ty <.>!' pron•1cts c.11011g the 

J"irllls in 'thJ s cu teg:::iry, j t woulrl t•e impractical to try to 

dcsc ribc th~· pro-::os~:'l:;, potential pol lutantfi, and pollutinn 

controls for each p::-od11r !. • Howcn·e r, in gen, .. :'."'a 1, f'i rnu; in 



industri.ll f'irm::- <.:.J~<!. f"<:·~· :.1lt' ! .. -.s•. p;lr:. 

the s~~m<" pol~ution control~. 

emii: in":::,j.u1i·~ '•':<.l ·J1·1-~.:!t.i. p<.tt·ti,~nlatns, .:-=ulf'ur ox!.des, 

The 

conccn~catic-ns of' pt•llut;Jn~.!:> in ttie .ttmos11here eit any given 

point near .i 1.,h.:·mic<•l-pr"~·uui~t. pl;:nl ;..;ould •>•' f'ar crea.~cr 

than it i5 it· ;i.!.r poJluLi.on c-:•nt.:·ol e<jl!.ipii:E:nt, pro~orlure::;, 

Amnnc 

the types o:f .~•.l.!. Pull1;t.j1;:: c•:-r:trn1 eyuii.11!1c·nt that; mi.ght be 

scrubbe:rt;. 

_.aters. 

United ~; ;,., ~-c;:. • 

\f;:&f.or· p·>l !:1:.i,)n "('>ntrni nJ(•1:;.ur-c,:-; '·'' ?'(.::move ~-iut1pt:!nded 

~o1i<l!4 in ;n·11r-f':"~ .. : .. te"'.• inr.J::rio c::Lp·.;J.·'ltion ;;nrJ 5(•ttlinc; 

·- ---l 

• 



ponds. chemic'1l co:t.g1.1L.1.r:.jon, f'lotation 3nd skimming, .f'iltra-

tion, checical oxidation, incineration, clari:f~cation, 

chlorina "Lion~ re1·y:.: line, redm; ti an of tht:! quantity o.f' 

process water used, proccs~ impro.,·emen ti::, use of good 

housekeeping practices. <lumping at sea, la~1d irrigation, 

de3p well inJection, and reverse osmosis. Although dissolved 

~olids can bu removed from process waters, it is expensive 

1£ taste or oder problems prevail, process waters 

ca:r be passed throuGh {::ranulated or activated charcoal. 5 

Treatment of di~charees rrom chemical-product plants 

in municip~l secondary treatment facilities is a common 

practice 10~ plants 101..:ated within municipalities. I:f such 

:f:icili ties h: .. n.·e ::trlequa 1.o capacity to t. rea t not only domestic 

but al:::;o indtistriaJ process Wctiers and charges or taxes on 

indus tria.l i'irms .for such troa tn,ent are not too large, 

municipal trc:-itment of' inuustri;il proce~s waters can be an 

Cooling wat~:rt. may pose problems of' thermal pollution 

depending, amon6 other factors, upon the temperatures and 

and :fl-:>w rates of tho effluent and tho receiving body of" 

Wet tor. 

Solict wa~te~ produced by :firms in the chemicals 

category include combustible and noncombustible process 

solids and containers. The principal means of processing 

or disposing of thesu soJid wastes &re landfills, contract 

j I 

j 



disposal~ incin,...rati0n, and ·:>pr;n d11mp burni11b. 0.ften solid 

was tc>s are used :_t$ a sourr.e of' one1~~.-, a lon~ with conventional 

fuels, to pr<J•_iur;e 1 ;,., h<-:t t; ne•)•ltd f'or -...-arious production 

processes in ehemi_cal-produc t planl.s. 

1 . p t. E ect r1c owe r-

The el cc t1·i c power i-a tcg0ry incli_;de~ <:tll private and 

public electric pe ;"pr g.~nera. t. ~on~ 1; ran~m:i.s siont and dis tri-

bution agencies. This sc~tinn deals wiLh the pollution 

problems associated ~ith the genPration of ~lectric power. 

There ~r~ i0ur type~ of electric power generation 

systems: fo~sil-.f:iel steam, hyri::·:-1electric, nuclear-.fueled 

steam, and geotherm<Li - Cu:rTen t ly, the most predominent type 

of electric r,-euc:.rating system i'> the I'ossil-t~uel system which 

uses coal, oil, and gas a:;: 1"uels for produr.ing steam to drive 

electric turbine-~en~ruturs. 

Electrir:. p0wer pl'lnt'.s arp one ~)r the lcadtnr,- sources 

of air pollution, •?!"pee .ia lly of ox_i des at· :=t:J .fur, and pose 

serious problems of tlw, maJ p0llu.1;ion of w;, terways. The 

major pollut .ion r)robl t.!ms cf the e]y<: tr.i . ...: pow.~ r category are 

namely the f1_1ssil-f11pJ. stc.Jnl <JtHl nucle.:ir-.fueJ.ed steam systems. 

These pollution p1·0ble111:".: pe:cta Jn to combustion by-products, • 

thermal polJ.uU»n, «nd r~1d.:ial:ion emissions. 

Dependlr1r,- upon tllr; t~rpo of f1ud used, ;i t'o::;sJ.1-fuol 

Jt enm syH cm may ;n·o:luce ~H·vo ral r; (JHtbll:-1 ti on t..y-produc ts that 
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T~e mo:-:t con.mon of 

these potent' ;;.;.i pol 1 u t:.tn r.~ c. ro oxides 'lt' sui1·ur, oxides of' 

and unburned hydrocarb,n1s. Sul Cur ar.d 11i trot;en oxides and 

partiCUliltAS typically po~e the rrincipal air p111ution 

problems cau.s8d by e le,· tr~.c p':lwer g811ora lion plants burnjng 

~oal or oil, and oxidf;S q·~ nitrol~en ?Jre a r.iajor pollutan+: 

Emissin:1:-; of o.xid,~s of' suJ.f!lr l~rorn i'ossil-f'uel 

s1.e<:tm p1auts ·~;:n be r-nduced (I) hy using natural gas or low-

sulfur coal or oil, (2) by 1·educ:ing the sulfur contont of' 

high-~nlfur fuels, (J) by rer.10v.1.ng- oxides of sulfar 'from 

combustjou emitted, l4) by increasing 

combu~tion effj.r.jenr.y, '1nc! (=i) by us:i.n~- talJ stacks. Ef':ficiont 

::i.nd rec.t~<;:Mhly cconorui<.:al Flo t.hcd::; that are boing developud 

fur rEtmovjng oxide::-; of ~ul.f'ur· from combustion ~;ases soem 

to be the mo~t pro;r-is.ing metLods 'for cont.roiling cxides of 

7 sulfur. 

Oxides of' r~i t;rc,gen are formed during high-temperature 

combustion in fosslJ-fuol stcilm pl<1nt.s. The a.mount of' oxides 

or ni troi;cn produr:eJ ,...;rn l>c controlled to some extent. by 

redu~ ing the a!1101ui1. of oxygnn, ;.1si.rie; n two-s t<ig€! hurninc-

pr0cc!'s, and by 1·oturnint~ combu:;tion {_;ci;,;os to the combustion 

ch:tmber. 

Par ticul<i. ti·· s 1;a11 •H;! vn1y <•f'ftc if!ll t.l y removed from 

combu.st.ion (';c1~cs t1y cyclo1w f1ltcrs, faLric fJlters, 

uloctrostat.i.•: proc.ipitat.or~, ;ind r;as scruhbPrs. 



converted jnto e1e•.·tr~c ;•owi?r·. In ro~~il-fucl ste~rn pl~nts, 

most of i;llis heat r.s dis··harceLi pl"':incip,1lly ir1 condenser 

cooling water. To pr~·.·ent tht~rm::J pollution or waterways 

by i.he heai;eci •::m1den:-;et :::c,.-,Jin;: wHt!~r, planr,s c;:in use ( l) 

•Jquipmcnt, ror di!SSJ.p<:t.jnt~ Le...,t from he:i+.ed cc·nden~er cooling 

\.;a ter before th~ wa tP..c j s di::-r::ba1·.:_:cd be:. ck i.n to the waterway, 

(2) evaporative. cooling· to\-,'»rs 1h<~t cool thtt he<1ted water 

ovaporatioa rate, :.nd (J) dr~. ·~ooJ.ing tower:; through which 

hoated condenser cuoL'-r.t; wa·ter· is p.i.pe.:! su '.h::i.t the heat can 

ba trans:fcrr9d t G thu ;1 tir..c~phcr1J. HowP.ver. conli.ng ponds 

and cc.11als ::i.-e i.mp1·a1_ ';j c::il ~'n.:.~ <i"H·, in urban <!reas because 

9 I::--on and Steel 

Thf? iron n.nd ~·.b:el c..it0r~ory includes fi.rrr.:-; th<:it pro-

ThiH soction 

:!:'irst disc1:&f;rJ!' tLr, ~·rud1~cti'H1 pro(:~~.:;3e~, puLr_:nti;t( pollu-

tauts, <Hid p()JJ1itic1n cun1rrJ.!~: in .i..ron and hLeel prorluction 

.fol.lowed by <t s.Lmi.Jc1r dJ~ru;·o.i.<>u for gr·:,y i1on fC.J1tndry proJucts. • 
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The principal production processes in iron and steel 

production are coking, si!1tering, bla~t furnace operations, 

steel f'urnoce operations, ~nd ~carfing. lO Coking is the 

production of coke which is used to reduce iron ore. Coke 

is formed by heating soft coal in slot-type ovens, then 

exposing the incandescent -oke to the air by placing it in 

quenching cars, then quenching it with ~ater and allowing it 

1 1 to cool. 

Coke oven gas includes many compounds, some o:f which 

are separated by se"·eral methods as by-products of' coking. 

After the by-rroducts are removed, the remaining coke-oven 

gas is used as a fuel for heating boilers and furnaces. 

Sintering consists o:f aggr~gating scrap iron, iron 

oxide !'ines .found in dust collection sy8tems 1 mill scale, 

and bits of salvage. This sinter~ng mate1-ial ico p.laced on 

pallets and passed through a :furnace and then~by t'ormed 

into large particles or clinkers. These pdrticles are then 

rea<iy to be usea in blast f'urna.:::es. During the sintering 

process air is drawn through the burning mass into a windbox 

belcw the pallets and usually out through a stack. This air 

is cleaned by dust collector~ such a~ cyclones, baghou~38, . 
electrostatic precipitators, and venturi scrubbers be:fore 

12 being released to the atreosphere. 

In blast f'urnaces, iron oxin ore, limestone, and 

coke are c0mbined with hot: air to produce i:i molten high 
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carbon alloy of' iron called pig irun, slag, and gas. The 

molten pig iron can b~ processed to produce steel or can be 

made into pigs :for use in :foundry nperations. The slag 

contains basic and acidic oxides and other impurities. Slag 

is removed from the molten iron and is disposed o:f as a 

so1id waste or if' profitable, is .sold for use in manufacT.uring 

cement, f'or filling material, .and :fer other use;a. Blast 

furnace gas is cleaned with cyclones and scrubbers to remove 

dust, is heated and returned to the blast furnace. 

Steel is produced in steel furnaces, of which there 

are four major types: Bessemer con\·erter, open hearth, basic 

oxygen, and electric arc. In Bessemer converters, air is 

:forced through the molten iron, and carbon, silicon, man-

ganese, and other impurities arB oxidized and removed to 

form steel as slag. Slags with relatively high phosphorus 

content can be ground and sold as fertilize~. Smoke and dust 

pose the most serious air poll11tion problems :i.n using the 

Bessemer converter. The Bessemer converter is limited to 

sma11 lot production and is not used nearly as extensively 

as it ~~~~ w~s. lJ 

In the open hearth rurnace, plg iron, scrap metal, 

limestone, and, sometimes, iron oxide ores are placed in 

a large f'urnace hearth where the materials are melted and 

alloyed to react, forming refined molten iron and a slag 

oC impurities. 
14 • 
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The principal air prillut.ion problem of" the open hearth 

f'urnace is particulate emission. Baghouses, electrostatic 

precipitators, and scrubbers ar.? used to try to reduce 

particulate concentration ir. open hearth stack gas. Like 

the Bessemer converter, the open hearth .furnace is becoming 

an increasingly l('ss popular type of f'urnar.e. 

In basic oxyeon .furnaces, high-purity oxyeen is blown 

onto or into the t'urnai:-e to oxidize the impurities in the 

molten iron to produce steel. The principal air pol1ution 

problem is the emission of' particulate<:::, and the same 

basic method~ o~ control Hre used--electro~tatic prccipitators, 

scrubbers, ~nd baet10uses. The basic oxygen furnace is 

becoming increasingly more widl}ly used. 

In the electric ~Jrc furn::ices, s~rap is me1 ted by 

the heat generated by a high amperage arc of current :flowing 

through the slag Ltnd air gap betw~en two large carbon elec-

trodes that are injected through the 1~1at-domed roof o:f 

the electric arc .furnace. Tho? ~·le~ tric arc .furnace bas 

several advantages over the other steel :furnaceR: (·1) heating 

can be easily controlled by controlling the electrical 

current, (2) high temperature~ can be achieved, (J) electri-

city is relatively cheap to transport, (4) most combustion 

products are absent, thercty raducfr1g ccmpound::t of' hydrogen, 

oxygen, sulfur, and carbons, (.:;) aasi.ly removeable slags, and 

1 c; 
(6) better contr~l over alloys. ~ 



Because the elu•~tror...'!::< p2·nt.rnde f'rom the top of' the 

Cu...~ace and because the furi.;..;.i:-e top mu.~t be '.>pened to c:harge 

the Curnace, it is dift'icu:i.t t. control caseo:;s emis!'.;ions 

from e1ectric arc rurnaces. Fur thcrmore, 1fus t particles 

from electric ari:- t'urna~e~ not only ~!re di 1·.~icul t to coll.ect 

but are dit'f'icult l1J pr0r:t:!51'>. The cf:fectiven~~s of' dust 

contro1 ~quipmPnt, such a~ scruhb~r~. filters, and e1~~tro

statlc prccip1t•~turs v•~rit!s. 

Scar:fine ..1. s a "tee hnique <'or ;:cmovin,; surf'ace tfef'ects 

t'rom steel. 

Al though the i.r,Jn anct steel pr'J•~uct.i..on processes 

described ribove produicc· unwanted p<:irticul-:i.tc~, sulfur oxides, 

carbon monoxide, nitrocen oxii.!t:)~, and t'luo:r-i<les, particulates 

are the ma.jot· air pol lu tan i.~. Gas-c le<:>.n.inc~ equlpment, such 

as electrostatic pr€clpit.n.tors, wot >5crubbers, rabric :filters, 

and mechanical collectors Hre nnly p~rtially e£:fcctive in 

removing particulate:::. 

The gray iron .foundry ..i..ndustry produces cast iron 

products by melting pig iron, scrap, and ~mall amounts of' 

alloys. Production processos in the gray iron f'oundry industry 

include sand handling an.cl mi)..i.ng·, r,h;_ikinp;, grindine, chipping, 

cleaning, awl wold.inc-, all o:f 1d1i 1;h produce pn.rticulates that 

aro usually control.Ind by du:;t-suppr·c~sing equip111ent. The 

melting opera ti on pre:-,,nnts the u;a j or i">.1 lu ti.on problems f'or 

the industry. 

---~--
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the melting process: electric arc, electric induction, 

and cupolas. The electric arc and electric induction fur

naces produce relatively small amounts or pollutants. How

ever, the widely used cupolas produce and emit carbon monoxide 

and particulates in the .Corm of' dust and smoko f'umes. Gas

cleaning equipment, including afterburnerd, can be effectively 

used to remove most oC the carbon monoxide and particul.ates. 

The principal pollution control devices are Cabric filters, 

wet scrubbers, multiple cyclones, and wet caps. Nearly 

half or the gray iron foundries in the United States use 

wet caps. Although wet caps are relatively inexpensive, 

thoy are relatively inefficient and usually do not meet 

pollution control standards. 

Food and Feed Processing16 

The food and feed processing category includes firms 

that process food and/or ~eed but does not include firms 

engaged in primary agricultural and animal husbandry acti

vities. As a group, firms in this category are one of the 

major sources oC water pollution, and some pose serious air 

pollution and solid waste pro~lems. Thi~ section describes 

brie:fly some production processes, potential pollutants, and 

pollution controls or selected groups within this category. 

Production processes vary widely among groups of 

products. For examplP, meat processing includes slaughtering, 

dehiding, cleaning, cleaning, removal of" paunch and intes

tin&l manure, meatc••tting, storac;e, smoking, and by-product 



processing, whorAa$ production processe~ Cor grain-based 

foods might include milling, drying, mixing, and handling, 

and food canning an•l freezing involves a dif~erent sat o~ 

processes y~t in the preparation oC fruits, vegetables, and 

other ~oods. 

MGst food processing opera~ions require a considorab1c 

amount of p1·ocess water, as wel1 as water for cleaning equip

ment and facilities. Tollution of these waters is the prin

cipal pollution problem in the food and feed category as a 

whole. Potential water pollutants vary with the type of 

food processing opera~ion. For instance, the principal 

potential water pollutants from meat processing are organic 

matter, suspended solids, rat~, oils, and grease, nutrients, 

dissolved inorganic $Olids, bedding and manure rrom pens, 

and cleansing agents. Added potential water pollutants from 

poultry precessing are reathers, litter, and feed in cleaning 

waters. 17 Process waters used in preparing fruits and 

vegetables for r.anning and freezing ~ypically contain sus-

pended soljds, h~ve high B.o.n., orten contain food pigments 

that discolor streams, and contain wastes that decompose 

rapidly. Other examples of water pollutants are whey and 

other effluents from dairies, brining £rom pickle plants, 

evaporation effluents from c0ffee and tea processes, sus-

pended rats from ch~colate plants, and highly putrescible and 

18 
colored water from searood processing plants. 



Process waters used in f"ood processing plants are, 

f'or the most part, biodegradable. This means that waters 

f'rom f'ood processing plants that arg located in or very 

near a municipal sewage treatment facility can be treated 

by conventional water treatment processes along with domastic 

sewage. Seasonal production and wido ditf'erences in the 

concentration of" wastes in the ef'f'luent of f'ood processing 

p1ants can pose serious problems f'or municipal sewage 

f'aci1ities during peak capacity periods. 

Research and development to reduce water pollution 

in the f'ood processing industries is being directed toward 

reducing the amount of' water needed through recycling and 

other methods, identif'ying and treating specif'ic problems 

in streams, improving equipment and processes to reduce 

waste, and general!~,. improving techniques and systems f'or 

1q 
monitoring and controlling ef'fluent. -

Solid wastes, most of' which are highly decomposable, 

are a serious problem in many ~ood processing Flants. 

The debiding and cleaning pr~cesses present solid waste 

disposal problems ror meat processing plants, whereas 

reathers, litter, and other solid wastes present disposal 

20 problems in poultry processing plants. The disposal. of 

unusable solids is a problem in canneries and f"rozen f'ood 

p1ants. 
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Disposal methods for solid waste :from fooc processing 

include sanitary landfill, production o:f animal feed, 

composting, deep ocean dumpinG, and other methods. 

'11lc principal air pollutat;s from f'ood processing 

plants include particulates, odors, and smoke. Odors are 

of"ten emitted f'rom food processing operations, :from poll.uted 

water, and :from solid v«stes. Smoke and other particulates 

:from the burning 0£ fuels :for cooking :foods and from meat 

and f'ish smoking operations present serious air pollution. 

Perhaps the worst source of' odors is rendering plants in 

which animal matter is cooked and used to produce various 

:fats, tallow, bone meal, and additives for animal :feed. 

However, tho odors that result from the storage, handling, 

cooking, and drying or such animal matter are very pungent. 

These odors are composed principally o:f ammonia, sul:fides, 

amines, mercaptans, aldehydes, and organic ...tcids. '!"here 

have been reports of many advers~ physiological, psychological, 

social, and economic e.ffects •.Jf a re -·iering plant on the 

people in nearby neighborhoods or towns.
21 

Control methods :for rendering plants include 

afterburners, condensers, and wet scrubbers. 

22 
Noni'errous Metals 

The nonrerrous metals category includes firms that 

concentrate, smelt, and ref'j.ne e:aluminum, copper, lead, and 

zinc. Copper, lead, and zinc are usually produced from ~ulfide 

ores, whereas aluminum is produced from bauxite. 

' 

( 
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.' .. luin ! nnni 

A1umi..um is produced principal.ly f'rom bauxite, which 

is an hydrEtted a::r-e cont.1ining alWllinwn oxide (alumina), 

silicon, tit:~nium, and iron. The hycirated bauxite is dried 

and then DJi.xed ;.<ith a sodium hy~roxide solution to convert 

t~e alunlina to a :::odium aluminate solution, and unwanted 

insoluble mat.erials are remove'1 by settling and f"il~ering. 

Sm::i.11 quan t.i tj es of' <.1 luminum hydroxide are added to the 

sodium alumina 1.e sol.ution to yield aJ.1U11inum hydroxide, which 

in turn is converted to aluminum oxide. 

Aluminum oxide i3 di~so1ved in carbon lined cells. 

Carbon rod~ are placed into the molten mixture and high

arnperage current is made to rlow between the cell walls 

(ca-i;hode) and the carbon rods (anodes), causing oxygen to 

be deposited on the rods and aluminum on the cell walls. 

Alu~inum settles to the bottom of the cells and is removed 

and placed into rnolds wlu~re the waste ma.tter is removed 

anrl any desired alloyti are added. 2 1 

Emisslons f'rom aluminum processing operations include 

f"luorides, V<Arious dusts and waste gases. Control methods 

include electrostatic precipitator:::., hoods and other 

en~losures, scrubber~, w~ter spray towers, and tall stacks. 

Copper 

The basic proo:E.s~Js in a cappar smelter are roasting, 

smoJ ting, cmd oxidation. 



C.>ppor or-es :ire cr115hed, ~round we!;. thickened, and 

then :nixed with air n.nd f'roth..i..nc <lgents .in :flotation cell::; 

to produce '-! foam consi:t::ing of ..-:'-'P~"'er, \.-atcr, :1lld other 

materials. The :f:):t.my 1·rot:h is 11rawn ~>.fi, and t.ne separated 

~olirts .:trc ~ent t <• a smelt e ..... i"'>- sP.pn-:'a t·ion of t.he copper 

:f:!"o:n th~ j_ ron, ~ ul!"nr, u r ... d eangu.e . 

T"ne rf'K&S't.i.n~ procetis remaves excess s11l.f•..1r t•roin 

sul:fide conccncrates. During the smdlling prorE:ss, the 

concc-ntrate is placed in ci. rcverberatory furnace where it 

is :formed into .:1 ,•c:pper roat-te (primarily 1·errous sulfide and 

cuprous ::;u1fid~) and a !"-lat; which r~move::.: part of' the iron 

:from th9 copper. The cop?or matte thea proceeds to a con-

varter for the oxida·t.i,.Jn prot:"ess where l"t is f'ormed into 

b1ist£:r copper and whore f'ulf'ur is rel.cased f'rom the copper. 

The slag still con-.... ains copper and is the-refore roturned to 

the rcverberatory :furnace. 

All three proces~n~, generate sul~ur oxides--copper 

sMolting and rerining opera~iond are ~nc or the leading 

sources of' sulfur <.!inxici.c pollnti.on. Other emissions are 

dust and acict mj sts :-.tnd var~·..:ng -'lr.iounts of other elements. 

Where possible the sulfur ct.io:ic:icle is div-::rt.ed to a nearby 

3ul:fur dioxide ~>lant, ;inc! e·u~ c.ieaning ~y::;tem'.l (electro-

statin procipitators, s~rubbcr~, ~nd cyclunes), and tall 

. . . 24 
::;tacks ar<J t&sed l.(; r''~duco nmJ ssJ.'1ns. Settling is used 

f 

to remove !'10] id:; rnmaining in the wn.t~r during tlu> initial 

separatin~ phase. 
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Lead is obtai!lod :f't"O!il g:-dena, a sul.fidc mineral, 

The load smelting ;>roc<>sses include sintering, 

rodto.cing the s.i.nter t.o obtain bullion, and refining. 

The .::dntering procoss prepares the lead ore to be placed in 

a blast f'urnuce along -...-1th iron nnrl coke whore liquid lead 

i.::> .formed by contaci: "'ith carbon and carbon monoxide. This 

lt1ad usual l'y mu~ t be fur th~r ret'ined. A slag f'on;ied by 

nonreduccd o1emants js then separated, and other trace 

metals must all':o be removnd during refining. 

Jn lead smelting, the sintP.ring process .i.s the only 

serious source of' sul:fur dioxide. Waste gase~ from the 

sint;ering process contain ~ult'u'!' dioxide, dust, and fumes. 

nagbouses and ele.~trofitai,ic pre~ipit<::"t;ors are used to 

coll~ct dust and :fumos. A ~ew lead smelters U5e cleaned 

gas in the production er sulf'uric acid. ~aste gases f'rom 

't-last furnac~.ti c;lrc usuall~· f'il tcrod In haehouses to remove 

"5 :_)arti~ulates • .:. 

There a.cc two ~ienifieant ::iow·r.:.A~ of' zinc--sulf'ide 

(.'\Te~ and zinc .:>xidu ret:ovc.-r:->d i.'rnm the lead smelting processes. 

Zinc concentrntas typically contnin 60 percent zinr, 

JO pP.rcont sult'ur, and '.) t:o 10 perc0nt il·on. Roasting of 

the zinc conct1nt ra tei; c onv·;Jrts the sulf.tde concentrate to 

oxide form thorEJhy ro lt::as iug most nf tho sulfur from the 

cnncentrate. SomE: zi11c sm<:l. tcr.t-: i'oJ l•JW the i·oa~ting process 

\.'ith sintering. 

( 
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Zinc is released rrom zinc oxide by heatinu the roast 

concentra t.e with coke ~ t ve1:y high rempera tun~s. The 

zinc can be further purif~.ed by lear.l!ing and electrolysis. 

Emissi• .. ns .from tl1e.sE> proc r>~sfls incJ udc 5ome 

sulf'ur dioxide, dust; and :f'rnnes. Suliur dioxi<le can be 

released to the atmosphere?., and dust and fwnos can be 

remuved by cyclones and/or ele.:::trc.s ta tic precipi ta tors, 
?' 

and scrubbers.-
0 

Secondarv Aluminum, Copper, Lead, and Zinc 

Secondary metals arH those 1-'rodw:ed f'rom scrap and 

salvage. The principal scrap s.:iurce.s or copper are 

electrical wire and cable ~-ind automobile :r;idia tors. Auto-

mobile batteries are . .tn import.:tnt ~ource of' scrap lead. 

Zi . d ';!"{ \ 1 . . t: . d :f nc scrap is reuse • , uminum scrap l.S o'taine rom 

many industrial, commercic:d, and consumption sources 

through various waste nianagern ent proce~ses. These scraps 

can be cleaned of variout- cont•!~uinants and refined. 

Emissions can ir1r ludc p~1~ticul ates, i'lunes, and 

oxides of zinc anrl lead. Gas-cleaning equipment is used. 

Brass :1ncl Rron7.e 

Brass and bronze arc copper alloys containing variable 

proportions of zinc and t~n, respoctivcly. TI~ principal 

raw material for the produ~tion of braaa and bronze 

i~ CO}.;p~r and copper ;illoy :<>crap. nr~Hs and bronze ingots 

·~ 
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are produced hy melting, smelting, refining, and alloying 

scrap materials. The type or furnace~ used depends upon 

the alloy and the quantity produced. Brass and bronze 

producers use roverberatory, rotary, or crucible :furnaces. 

The ref'ining f'urnnce is tM principal source of' air 

pollution from brass and bronze productic..n. Fly ash, soot, 

smoke, Linc oxide, some sulf'ur oxide, and lead oxide are 

:found in the waste gases or brass and bronze plants. Parti

culates are also emitted duri!!g the preparation of' raw 

niateria.ls and while pouring ingots. 

The major air pollution control proble~ in brass and 

bronze plants is the capture and ducting of' dust and £ume 

gases to baghouses, which are the principal means of' :filtering 

the waste gases of· brass and bronze plants. A :f'ew pl.ants 

use wet scrubbers and ele~trostatic precipitators. The 

principal component jn the dust collected in baghouses is 

zinc oxide. 

Petroleum Refining and Petrochemical Products
28 

The petroleum refining and petrochemical products 

category includes firms tbat produce gasoline, kerosene, 

jet :fuel, gas, oil, rucl oil, coke, asphalt, insecticides, 

wax, lubricants, and many other products derived :from crude 

petroleum. 29 



Petro L _m11 refining ;_nvo}vo~ four basic processes or 

stages of pr!")cessirilj--separation, conversic..~n, treating, and 

blending. Separation)!" the ,..i;_sti1!atj._m o:f crude oil into 

:fractions 1-.aving di:f.fer~n~ boiling tempera turc rant_~es such 

as gas, gasoline, kerosene, naphtha, diesel fuels, :fuel oil, 

and topped crude. Although some of' the fractions may be 

treated and blended to produce a marketable product, many 

f'ractions have to be convertod to other substances ~y 

changing their 1no1ecular size or structure by cracking 

(pyrolysis) and re:forming. 

There are two types o:f cracking--thermal and catalytic. 

Thermal cracking is usu2lly us~d to crack sub~tances that 

are heavier than gasoline uy hPati11g thorn a-t high tempera-

tures and under pros.sure. Thi~rmal cracking has been m::ide 

essential1y ob~oletc by catalytjc cracking methods that 

amploy catulysts to speed :ind make more complete the 

decomposition o:f the di~. tilla i q. The two methods of' catalytic 

cracking used today ::ire the: fluid-bnd and rnovj.ng-bed methods. JC 

Some of the lighter rnclecule:; that result :from cracking 

are recombinerl or r.olymeri zed to 'form substc..inces with 

particularly desirable pr:JpC!" ties. For in~tance, in the pro-

duction of gasoline, gc1scous olcf'j ns are polymeriz.ed and then 

alkylized to form hydroc:Jrbons. 

Treatine involves t.he removal of' su.lfur and sulfur 

compounds as wnJ.l as r.iotali:> and othet: undcsi::-able substances 
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from the final or intormedi<.t te pe <.roloun1 products. Sul:fur 

cotnpounds aro removl'!d in order to improve the quality o:f the 

product, to reduce reactions of suJ:fur compounds wi~-:-._ certain 

catalysts, to reduce odor, and to reduce corrosiveness. 

Boi.h phy::.:ic'.ll and chemical treating methods have been deve

loped. lfydrogen treat~nrr (hydrotreating} is widely used to 

remove sul:fur .from refining stocks by converting sulfur 

compcunds into hydrogen t<ulfide, which can be extracted and 

converted to sulfur dioxide. 

Blending i:i simply the combining of' base and inter

mediate stocks to produce thousands of petroleum and petro

chemical products. 

Petroleum refining operations produce gaseous, liquid, 

and solid wastes that are potential pollutants ox the air, 

•.rater, and land. ThA major air pollutants f'rom petroleum 

ref'ining are sulfur compounds, hydrocarbons, particulates, 

oxides 0£ nitrogen and carbon monoxide. 

Sources of' waste gasGs containing snlf'ur compounds 

are vacuum oxhaust used in distillation, catalytic regenera

tors used in reforming and in hydrotreating, hydrogen sul

fide absorption unitH, sulfur dioxido removal equipment, 

and storage tanks. Sult'ur cornpoundf; can usually bo controllec 

best by scrubbing and/or JncinuraLio~. 

Hydrocarbons are Amitted rrom many potential sources 

includinr,- process, equipment. and t'ncilities. The most 

( 
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signif·icant s<. urcc;: sEems to be sto1·age tanks. Emissions 

:from equipmont, ::;omctimes in th~ f'orm or leaks' can be 

controlled by V<Lrious methods including hoods, covers, 

proper sealing or packin~ :'lnd the !.ike. waste heat 

boilers can be a sign.if'icant method or eliminating hydro

carbons emitted during the cracking process. 

Particulates are released from sludge burners, 

catalyst regenerators, airblown asphalt :5ills, heaters, 

emergency f'lares, and boilers. Control methods ir~clude 

dust collect•n·s, carbon mono.xidP. waste heat boilers, cyclones, 

electrostatic precipi~ators, scrubbers, ~ncinerators, and 

baghouses. 31 

Sources of' ni"Lrogen oxide emission~ in this indus-

try incl.ude f'uel combustion in process heaters and boilers, and 

internal combustion engines. Control methods include air 

reduction, recycling of' .flue c-ases, and the use of' 

two stage combusticn.J2 

Carbon monoxide from catalyst reGenerators can be 

eliminated by burning the eases in carbon-monoxide boiler~ 

or heaters. ~ 

The princip~l liquid-horne pol.tut.ants f'rom potro-

leum refineries are oil, suspondod or dissolved solids, 

sulf'ur compounds, alkalies, plmnols and creosols, and ammonia. 

Hydrocarbon contamination of water rosults from oil leakage 

and spills, orten into coulinc water, wher~ em11lsions f'orm, 

.. ::-•ncm=I 
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:from crude-oil desalting dnd cleaning operations, rrom 

oil that was not sepnrated :rrom the water when the water is 

removed :from oil in storage tanks, and from oil that is lost 

durine chemical treatir~. Sul£ur compounds are contained 

in steam vapor which i~ condensed and discharged through 

process sewers and separators to the main sewer ~ystem. 

A:..kaline solutions used to puri.fy hydrocarbon streams are 

usually treated with caustic and washed with water to recover 

sodium hydroxide. Phenols and creosols, which are pro-

duced during cracking, are difficult to remove from process 

water. Ammonia, whiLh is used to control corrosion and to 

reduce oxides ,~f nitrogen, is, to a great extent, evaporated 

in the process sewers. 33 

~ost water pollution control systems ror petroleum 

refineries include a collectio~ and sewer system, oil-water 

separation system, dls~olved contaminant treatment system, 

and secondary ti·eatment systems. Collection facilities and 

sewer networks are <leeigned so as not to allow process water 

to contaminate waterways, oil-'free waters, or adjoining land. 34 

Oil and water separation processes include (1) the 

gravity process, which is based on th3 differences in the 

specific gravity of oil and water, (2) the flocculation pro-

cess, which uses coagulants to produce precipitates that are 

romoved by settling, and (J) dissolved air flotation, which 

I 
I 
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uses very small air bubble::.- to increase the rate oi :st:J)ea.t'ation 

and flotation o:f suspended oil and solids, which are then 

~emoved from the surrace. The principal problem with the 

oil-water separation processes is that the removed oil is 

actual.ly an ~rnulsion of' oil anci water and solids. Waste 

waters that contain concentrations 01' dissolved chemicals 

that can greatl.}' increase the B.O.D. loading o:f a water-

way, that are toxic to acqu~tic life, or that produce strong 

odors must be treated, usually by stripping or by oxidation 

o:f the dissolved chemicals.J; 

Some :form o:f s~condary treatment is usua.lly required. 

Secondary treatment involves the bacterial decomposition o:f 

wastes. Secondary treatment proces~es used by petroleum 

re:fineries include the activated sludge process, the trickling 

filter process, oxidation and &~abilization ponds, and c~oling 

towers. 36 

Solid wastes f'rom petroleum re:finerigs include 

catalysts, coke, clay, sedimenTs, sludges including 

those from secondary treatment facilities, and other· solids. 

Solid wastes are usually disposed of' in sanitary landfills. 

Au actJvated carbon proc<:ss is being developed as a tertiary 

treatment process to reduce the B.O.D. in the concentrations 

0£ chemical anq hydroc~rbon pollutants in refinery e£f'luents.J7 

Other mothods of' disposal include deep sea dumping, and 

doop wall disposal. 

• 

• 
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Pulo and Paper38 

The pulp a:ad paper category includes .firms whose 

principal products are pulp and paper and paperboard products. 

Paper products are produc~d principally from cellulose fibers 

obtained from wood • 

The major procasses used by ~irms in the pulp and 

paper category are wood preparations, pulping, pulp bleach

).ng, and paper production. Chipped wood from debarked loge, 

chipped residues, sawdust and the like and recycled paper 

and paperboard are the principal sources of cellulose 

fibers. Fibers are separated from the wood by any one 

of three types of pulping processes--chemical, semichemical, 

and mechanical. The most widely used processes are the 

chemical processes, and the draft process is the most 

successful o.f the chemical processes because of its suit-

ability ror pulping almost all types of wood and the high 

strength retention of its fibers. During the kraft (sulfate) 

pulping proco~s, a solution of' wood chj.ps, sodium sulf'ide, 

and caustic soda is cooked at a high temperature und~r 

pressure to prodm:e the pulp or cellulose fibers. Arter 

cooking ~he fibers are 5eparated by washing. The spent 

chemical solution is a dark liquid called black liquor. 

In order to recover tho cookine chemicals, this black liquor 

is processed through evaporators to remove moisture and then 

sent to a recovery f'urn,..co to remove the organic substances. 39 
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In the sul:fite process, a solution of acidic calcium 

sul:fate is used to cook the wood particles. The resultant 

pulp fibers are white. This should be used only t'or pulping 

wood :from low-resin so1-twoo~s. Sodium-, ammonium-, and 

magnesium-based liquors ar'! used tc f'acilitate recovery 

of' the cooking ch~micals £~om the black liquor.
40 

The semicl~omicals (N.s.s.c.) procc~s is similar to 

the sul:fi~c process cx~~pt that this process employs some 

mechanical :fiber removal and yields more f'ibers than the 

sulf'ite process. The mechanical grourl.dwood process does 

not involve chemical pulping. Although water is used in 

debarking, clt::aning and grinding oper<:i t.ions, it is easily 

41 
processed for reuse. 

Pulp and paper mills produce. many potential gaseous, 

liquid and liquid-bornq solid, and thermal pollutants. 

Gaseous m::1 to rials inc 1 ude p;.d'1;i ~u1a t.es in the :form of' :f1y 

ash and chemicals and gas·~s, \·•hich include odorous hydrogen 

sul:fide and mercaptaus that are ea:::ily e:nitted at several 

points in the kra:ft process awl suli'li.r oxides .from boilers 

or pl.ants using the sulf'i.te process, &nd recovery :furnaces 

and kilns used in the kra:ft proce.ss. Liquid and liquid-borne 

materials include suspenda<l solids, organic ma'!;erials, dyes 

and lignin compounrts that discolor water, inorganic materials, 

mercury from a faw plant~ using chlorine nnd caustic that 

are prodUC(!d by a ,nc r-cury coll procesR, an<! microorganisms. • 



• 

.. 

- 43 -

SC'lili waste materi.::i.ls include slndgos f'rom primary and 

secondary treatment processes and ~olids. Thermal pollu-

tion results when pulp and paper mills discharge heated 

ofrlucnt into streams.
42 

Tilere are several standard as ~all as specialized 

air po1lution cont?"ol methods that are available to f'irms 

in the pl!lp and paper c<itegory. Electrostatic precipitators 

.i.nd venturi scrubbers c.:an remove vi~tu:illy all of' the 

particulates produced by pulpL1tg mills. Odors f"rom mills 

using the kraft process can be controlled to a high degree 

through the use of' r~cover~- furnaces, oxidation of' the black 

liquor, certain evaporator systems, scrubbers, and incineration 

o~ odorous gases. 

Many :firms in t!1e pulp and paper category are among 

-:.:1~ worst sourc~!3 of' indur. tria 1 liquid and liquid-borne 

poll•.itant;s. iia ter pollution r,ontrol methods in~lude the use 

nf ~agnasium- and ammonilL11-basod bisulritc liquor to reduce 

.he amount of' et"f'lnent from mills using the sult'ite process, 

i~covery of' cookinc chemicals, removal of' fibers and recycling 

:if process -~ator, primary and secondary treatments o.f pro-

~o:>s waters, chl'.!mical removal or colloidal materials, and 

tilo use oi' lagC1ong. Prinw.:-y treatmant facilities can reduce 

.!.'rom 70 to 90 percent of' the ~u.spou<leci solids in pulp rntll 

process waters, an,: :secondary (;rcatmont can .further reduce 

thn amount of organic mnteri.als ~o as to remove up to 85 

f'':lrcont of' the B. 0. D. lo;i.d. Landfill methods are usually 

usad to dispose of' sludge .fr")m prtmary and :;e:condriry treutmont 

facilitics. 43 
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Footnotes to Pa-rt II 
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f.iarch 1970), p. !~-10. 

2. IJ. S. Department o:f tile Interior, F·ederal. water 
Qu"lity Ad1,1ini.str;;it;ion, flean ~ater for the 1970' s, A Status 
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June 1970), p. 5. 
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U. S. Department ryr Health, Education, and W~lfare, 
1:ational Air Pollution Contra· Ad1ti.nistrc&tion, Control Techniques 
f'or Sul:fur 0xido Air o,,1~n 1·a~-·· -. ~-l\PCA Public:u:ion No. AP-52 
(Washington, D. C.: TJ·. S. Gove~cnt Printing Office, 
Ja~uary i969). 

4. Natif>nal Industrial Pollution Control Council, 
':-1~.Shemical Indu::;tr-.· and Pollut.inn. Control {washington, 
~. C.: U. S. Governr1ent P:d nting Of"fico, Jwia 1971), p. 9. 

5. Manu!'<-tcturing Che:-:-iist~ Association, Toward a Clean 
f.:.:1_vir<.:nmcn-r., 3 1..2.67 Survey of the ~lembcrs o:f t.hn Manufacturing 
'.:!hP.nd sll_A:;~;oc i::it inn. 
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6. Tht: f'ollowi.nc; ::.iubJ.ications were especially help ... ul 
in preparing thjs section: 

Nation:'ll. Ind.ustr.ial P.:illution Control Council, .!~ 
Eloctric Power Imlustrv (w~shington, D. c.: U. s. Government 
Printing Of.fj_ce, October i 97 I) • 

U. S. Department of' Health, Education, and Welf'are, 
National Air Pollution Cont.rol Administration, Control 
Technique::; for Su!.f!!!· Oxide A:i..r Pollu',ani:s. 

U. S. Department or the Interior, Federal Water Qua.llty 
Administration, Clean Wutor for ~he 1970's, a Status Report. 
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Report of' the SPcretary or Health, £ducation, and welf'aro 
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2nd Sess., Docuniont No. 91-65 (Washi.ngtoi:i, D. c.: U.S. 
Government Pri11ting OfTice, ~rarcb 1970). 

7. U. S. Congress, Senate, The Cost 0£ Clean Air, Second 
RepoT't, p. 14. 

8. National Industrial Pollutir.n Control Council, 
The Electric Po"'er 1::-idustrJ::_, p. 16. 

9. The following publications wore especially helpful 
in preparing this section: 

Encyclopedia Br.5. tannica, Inc., Encyclo)odia Bri tarmic<. 
(Chicago: Willi<rn1 Bent.on, Publisher, 1968 ~ pp. 602-628. 

U. S. Conf:>'Tcss, Serwtc, National Enission Standards 
Study. 

u. S. Congress, Sonata, ~Cost of ClP.an Air, First 
Report. 

U. S. ConGress, Senate, The Cost of' Cl&an Air, Second 
Report • 

u. S. Department of JicnJth, Educat:ion, and Wel.t'are, 
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Foundrv lndusLrv, XAPCA PubJi~~tJnn Nn. AP-74 (~nshington, 
D. C.: U. s. Government Print.inc OrfJce, November 1970). 
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U. S. Department of He;;i.t:1. Education, and \ie1f'are, 
Nat:ionai Air Pollution ControJ. Administration, Control 
Techniques !'or P.1rt icula te r1.iJ· Pel L.1 tan ts, N.\PC.\ Publication 
No. AP-51 (washi;1gttm, D. c.: li. s. Government: Printing 
O:f:fice, January 1969). 
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10. U. S. Congre::;s, Senate, The Cost of Clean Air, 
Second Repo~t, p. 27. 
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National Air Pollution Control Adr.1inist:r,1 t ion, Control. 
Techniques t'or Particuln t:e Air Pollut~nt s, p. 19. 

12. U. S. Dopartmen1- HGalt:h, Ech1cation, and Wel.f'are, 
National Pollution CoatL·•· :\.rl.mtnistration, Control Techniques 
:for Sul:fur Oxide Air Pcll11t~n1ts, p. 85. 

lJ. Encyclonecb.c.. B-r·it;:tnnicn, Inc., Encyclopedia Britannica, 
vol. 12, pp. 608-61 t. 

14. Ibirl. , p. 612. 
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National Industric::d P<.J.lut;i.on <:ontroJ Council, Animal 
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i?. !'Ja:.ional InJ.u..::;tr·ial I'oJlntion Control Council, 
AniJTlcil Sluufii.i•.erin.~ a1.~: Prr•ce~sing, p. 8. 
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19. National Industrial Pollution Control Cowicil, 
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37. Nat..ional Petroleum Cc:.lL'1Cil, Environmental Conservation, 
The Oil and Gas Inciustries, p. 68. 
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Donald F. Adams, "Pulp and Paper Industry," in Arthur c. 
Stern {ed.) 1 Air Pollution, pp. 24J-268. 

National Industrial Pollution Control Council, PanE 
{Washineton, D. c.: U. S. Government Printj.ng Office, March 
1971 ) • 

D. H. Stanley, '!Liquid Waste in the Pulp &nd Paper 
lndus'try, II in r·. ,\. Ward (ed.), Man and His Environment, 
vol. 1 (Now York: Pergamon Pres:;,, Inc., 1970), pp. 4J-51. 

U. S. Congress, Sen<ttc, The Cost of Clenn Air, Second 
Report. 

tf. S. Department o.r Health, Education, and W'elf'are, 
National Air Pollution Control Aciministrati.on, Control 
Techniques for Su L:fur O.xid11 Air l'ollutariJ:.;i. 

J9. National .P•,llution Control Council, Paper, p. 1li. 

l~O • ..!£.!!!.., p. 15; sec also U. S. Department of' Health, 
Education, and Welfare, National PolJ.ution Control Adminis~ratiun, 
Control Tedm..i.ques !'or Su I. fur 11x ido Air Po1 lutan ~' pp. 89-90. 

4 1 ' lbi<i. ' p. 16. 

4:?. Ibid., pp. 17-18; set> alhO U. S. Department of' Health, 
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PART III 

PERIODICALS AND GUIDE TO THE BIBLIOGRAPHY 

Periodicals 

Articles of intert!St to economists and industrial 

developers that deal with various aspects of industrializa-

tion and environmental quality fr&quently can be round in 

the following publications: 

Environmental Science and Technology 

Journal of the Air Pollution Control Association 

Journal of Law and Economics 

Journal of the Water Pollution Control Federation 

Natural Resources Journal 

Resources (RrF) 
Water Resources Research 

Within the last few years, such articles have appeared 

occasionally in more general economics journals such as: 

American Economic Review 

Annals of the American Academy of Political and 
Social Scie•,ce 

Canadian Journal of Economics 

Economic Geoeraphy 

Economic Journal 

Economica 

Ji co·.1ometricn 

Journal of Political Economy 

Kyklos 

Qµarterly Journal of Economics 
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Re':_.:i.ew of" Econcmics and Statistics 

Scottish Journal or Pfalit~cal Economv 

Southern Economi.c Journ<!l 

Swedish Journal of Economics 

Yestorn Economic ,Journal 

There is a wide variety or oLher periodicals, many of' which 

deal with particular aspects of" environmental quality. 

The f'ollowing list shows only a sampling of such periodicals: 

Air Pollution Ab~tracts 

American Industrial Hv4iene Association Journal 

Analytical Chemi!-'trv 

Annals o~ Occupational Hvgiene 

Archives o:f Environmental Health 

Atmospheric Environment 

British Journal of Industrial Medicine 

Chemical Enrrineering 

Food Engineering 

~~trial Wnste::'. 

Industrial Water .Engineering 

International Journal of' Air Pollution 

Journal of' the American Water Works Association 

Journal of' Applied Meteorology 

Journal of 

Journal of' 

.............. .__.._~_..·\_.p.._P..,. ~l -Led Phys i o l ocy 

_______ A_tw·Jspheric Sciences 

Journal cf' the In~titutc or Fuel 

Journal of' Occupational Medic~ne 

.Journal of' the Royal Meteor0logical Societ~ 

Journal of the Sanitarv Eneineoring Division, 
American SocjP.tv ot' Civil Engineering 

Occupational Health Review 

Oil and Ga~ Journal 

Public Health Reports 

.. 
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Public Works 

Sewac;e and Industrial. liastes 

Sewage ~orks Journal 

1·appi 

Wastos Engineering 

1-'a t:er ar.d Sa wage ~forks 

Water nnd ~ .. 1astes Engin(rnring 

water Rcf'Ollrces Abstracts 

-.~ater Works and Wastes Engineering 

Guide to the Bj_bl.iocrraphy 

Over 760 selected publication entries are compiled 

in the bibU.ography (Part IV). These entries include a 

wide variety of' economic, theoretical, empirical, bi.blio-

graphical, technol.ogical, scientific, and public policy 

and administrative publications on environmental pollution 

and its co11trol. Many Clf these publications deal with 

various aspects of' industrial waste management. .Although 

the bibliography is believed to be a good cross-section of' 

the English-lanb'tlage literature that ~xists within the scope 

of' the pro.jact and that generally meets the selection cri-

teria, it is by no means meant to be exhaustive. 

For conveni~nce, the bjbliographical entries are 

grouped into six c,Toups; each publication appears only once 

as a biblio~raphical entry in one and only one of" the 

following groups: 

Bibliographies, Abstracts, Lists of' Publications, 
Research Projects, and Guides to Literature 

Books and Reports 

Articles 
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Articles in Collection 

Papers and PrccGsdings 

Government Documents (other than those appearing 
in other groups) 

The :following subsections nC this part oC the 

report constitute a guide to the bibliography; these sub-

bections are beaded: 

Bibliographies, Abstracts, Lists oC Publications, 
Research Projects, and Guides to Literature 

Econo~ic Analysis 

Legal and Administrative 

Pollution General: Research and Control 

Air Pollution: Research and Control 

Water Pollution: Research and Control 

Solid Wastes: Research and Control 

Chemicals 

Electric Power 

Iron and Steel 

Food and Feed Processing 

Non:ferrous Metals 

Petroleum and Petrochemical Products 

Pul.p and Paper 

Other Industries 

In each subsection, publications listed in the bibliography 

that deal with the subject matter ror that subsection are 

re:ferred to by their bibliographical entry numbers. 

Within the selection criteria mentioned in Part I, 

special e:ffort was mado to compile materials on the detri-

mental environmental ef'rects of' the operations of' f'irms in 

the seven industrial categories listed above. In general, 

relatively li.ttle speci:flc, especially quantitative, inf'orma-

ti on of' this sort · .• as f'ound f'or individual 1."irms, ind us tries, 

• 
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or industrial categories. Many pub1.ic:lticns ::provitin bits 

o:f general .5_nforma t ion on the types e::~: w:lstes generated by 

f'irms in spec.:if'ic incustrics or industrial categories, but 

:few have any qu:intit;::.tive d.:it:t, and of' those that do have, 

it is usually ft·agmentary. Some public a tioni:> make references 

to the amot;nt o.f' dit'feront t.ypes of pollutants in the atmos-

phere, in wu ter bod~ es, ·:>r or: or in tbc laud but do not 

indicato the sourc~s 01' these po11uta11t~. 

Bibljo;~raphies, Abstr=tcts, Lists of' P~blications, 
Research Prnjcc~s, and Guides to Literature 

1 through 47, 48, 18J, 5J4, 535, 657 • 

.f;cono:nic Ana].ys.!.::!. 

48, 59, 64, Es, 66, 67, 71, 72, 74, 77, 8), 84, 85, 9J, 99, 

i06, 10'7 t llJ, 1 i 5' 116 f 119' 126, 127, 128, 131, 133, 134, 

136, 137, 1 l~!~' 15!~' 160, 161 ' 172, 177, 188, 189, 191' 192, 

194, 198, i99, 200s 201' 2J2, 250, 25 ! ' ~58, 259, 261' 262, 

263, 264, 206, 269, 271' 277, 278, 279, 280, 282, 287, 289, 

295, 297, 299, J01, JO:!' 304, JOS~ J06, J07, J10, 311' 312, 

J14, 315, J19, '.J.22' J26, J'>'7 )28, JJ t, J'.)9, J40, J41' 344, 
.._I f 

345, 353, 357, J58, J60, J61' J71' J7J, 375, J78, 386, J87, 

388, J89, 390, J91' J92, J95, 197, J98, 402, 1+07' 408, 409, 

410, 411, 412, lf 15, l-116' 420, 423, 1•25, li26' 427, 428, 429, 

!~30, 431' l•J2' 43J, 4J4, l1 J8' 442, 1, 1~4 ' Ii45, 447, 450, 451, 

455, 462, 468, 472, 47J, 475, 486, 487, 497, 498, 499, 500, 

509, 512, .) 13' 520, 52 1' ,5.':J, 525, 527, 528, 536, 539, 542, 

545, 547, 548, 551' 552, 553, 551., 555, 556, 557, 558, 559, 

560, 561' 567, 572, ;71.' 575, 578, 580, 582, 584, .587, 588, 

59ti, 612, 620, 'i' 19' 720, 750, 761. 

~ 
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T n.,....._. 1 .... ~,i 1\,-l_.;_.; c+--~+-~,~-
~b-.,J.. - ... , .. ra. ........ ~ ... ~- ""'.A - "".,II,., 11,.,, 

56, 1J9, 163, 176, l~O, 2JO, 252, 265, 276, 282, 287, 288, 

299, JOO, J08, 316, Jh8, J68, J9J, .J99, 454, 515, 519, 5tn' 

543, 643. 

• 
Polluf:ion 1 Genoral: Resenrch and Control 

49, 55, 56, 68, 69, 85, 106, 110 t 1 I J, lJS, 138, 139, 14), 

163, 166, 170, 197, 201j, 205, 207, 256, 274, 275, J16, J29, 

JJ7' 359, 372, J7J, 390, 391, J9J, 400, 4IJ, 415, 444, 446, 

464, 469, 481' 490, 492, 49J, 494, 502, 511, 548, 570, 571, 

589, 601, 622, 624, 6J5, 657, 681, 692, 694, 7c6, 751. 

Air Po1lution: Research and Control 

1 ' J, 5, 6, 7, 8, 9 t 11' 16, 17, 18, 22, 2J, 24, 25, 26, 27, 

28, 29, JO, JS, 39, 40, 4 1 t 4 ') ... ' 4J, 44, 45, 46, 49, 54, 55, 

57, 60, 61 t 62, 63, 66, 70, 7:3' 75, 80, 82, 88, 89, 90, 94, 

95, 97, 98, 99, 100, 101' 102, lOJ, 104, 106, 111 ' 120, 134, 

140, 14.'.), 156, t 57' 158, 159, 16J, 164, 165, 167, 171, 174, 

175, 178, 180, 182, 18), 18.5' 190, 193, 194 t 195, 196, 202, 

208, 209, 210, 211, 212, 21J, 21 lt' 215, 216, 217, 218, 220, 

223, 224, 225, 226, 2;_7, 228, 229, 2J 1' 2J2, 2JJ, 234, 236, 

238, 241, 244, 248, 249, 250, 253, 254, 257, 259, 265, 291, 

292, J02, .'.)OJ, J04, J09, Jl8, )19, J20, )21, )22, J.'.30, JJ6, 

J)8, J4J, )44, 346, J48, '}49' 350, 354, 356, 362, J64, 365, 
( 368, 374, 377, J8J, 399, 40 I, 4o4, 405, 406, 414, 417, 421' 

435, 439, 4110' 441, 449, 1~ 5 1 ' 453, '•58' 460, 46.'.3, 466, 467' 

470, 480, 482, 48), 484, !~Be, '•89' 495, 496, 513, 515, 516, 

517, 518, 529, 5)2, 540, 541' 543, 541•' 5:.9' 550, 559, 560, " 
562, 564, 565, 57J, 575, 578, 580, 581' 582, 585, 586, 587, 

588, 591' 592, 594, 595, .597, 598, 599, 60J, 604, 606, 607, 

61), 615, 617, 618, 619, 620, 626, 6 J'-'' 636, 638, 639, 640, 

641, 642, 643, 645, 6 SJ, 651•, 657' 658, 65~, 667, 673, 675, 

676, 679, 680, 682, 68J, 681~' 68:1, 687, 690, 691 t 696, 701, 

---· 
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(Air Pollution Con'"t) 

703, 705, 71J. 714, 715, 7i6, 717, 718, 721, 724, 725, 726, 
727, 728, 729, 7JO, 7Jl, 7}2, IJ), 714, 7J5, 7Ju, 7J7, 7J8, 
740, 741, 742t 743, 744, 745, 7~6, 7~7, 748, 7~9, 752, 75J~ 

757, 758, 759, 764. 

Water Pollution: Re.::oearch an.J Control 

2, ), 4, 12, 19, Jl, J2, JJ, J6, 47' 49, 52, 5J, 54, 76, 87' 
92, 105, 106, 108, 109, 114, 117, 118, 1.21~ 122, 12J, 124, 
125, 128, 129, lJO, 1J1 1 137, tlt2, 1hJ, 145, 146, 148, 149, 
15G, 151, 152, 1.5J, 154, 158, t62, 163, 166, 173, 175, 179, 
181, 184, 186, 190, 196, 20J, 219, 242, 24J, ~46, 260, 276, 
277, 28J, 285, 286, 291, 29J, 294, 295, 296, 297, 298, J17, 
J2J, J24, J25, J26, JJ2, JJJ, J35, J41, J42, J45, J47, J51, 
J52, J55, J66, 367, J69, J75, J76, J81, J82, J84, J95, 410, 

411, 412, 418, 419, 422, ~26, 436, 4J7, 44J, 447, 452, 465, 
474, 476, 477, 478, 479, 501, 504, 505, 506, 508, 518, 522~ 

525, 526, 530, 5J1, 5JJ, 534, 5J5, 537, 538, 545, ~55, 557, 
501, 56J, 566, 569, 576, 577, 579, 590, 608~ 609, 610, 613, 
614, 616, 625, 627, 6JO, 6J2, 6JJ, 64;, 644, 646, 648, 650, 
651, 656, 657, 662, 663, 668, 677, 678, 680, 582, 6811, 685, 
687, 688, 690, 691, 693, 700, 701, 704, 707, 708, 710, 750, 
754, 755, 761. 

Solid 'Waste~: Research and Cont r..21 

J, 10, 13, 15, 

222, 247, 290, 
660, 664, 665, 

7J8, 739, 756. 

20, ".'>, ., ·'· ·- . ' -

403, 510, 51J, 59J, 
666, 669, 670, 671, 

Chemicals 

1!9, 58, 155, 169, 221, 
605, 61 I , 637, 6h 1, 647, 
674, 686, 695, 722, 72J, 

4, 1~6, 52, 57, 66, 99, iOO, 11~2, 151, 158, 209, 229, 2J7, 
J2J, JSO, JS~, 417, 4SJ, 457, 458, 481, 57J, 589, 605, G35, 
656, 659, 66J, 669, 682, 690, 700, 7J2, 7JJ, 7J4, 736, 737, 
7)8, 747, 758. 



- :;.:.: -

Electric Power 

4, 44, 56, 57, 70, 15, 96, 1CJ, 114, lJO, t65, 202, 2JJ, 

2)4, 2)7, 2J8, 286, 294, JJ8, J'•6' J49, J56, 406, 439, 44J, 

463, 476, 484, 516, 568, 592, COJ, 606, 607, 617, 628, 675, 

691, 7J9, 741, 742, 746, 760, 762. 

Iron and Steel 

so, 51, 57, 66, 72, 99, 120, 158, 226, 227, 229, 237, 268, 

272, 275, 362, J6J, J64, J70, 448, 459, 460, 518, 586, 600, 

602, 626, 6J8, 642, 64J, 652, 671, 7J7, 738, 740. 

Food and Feed ~rocessing 

52, 57, 155, 229, 24J, 284, 352, 565, 625, 6Jt, 670, 677, 
680, 687, 726. 

Nonferrous Metals 

72, 81, 88, 89, 90, 111, 228, 2J7, 405, 419, 435, 461, 502, 
581, 602, 608, 614, 642, 671, 725, 7J9, 751, 75J. 

Petroleum and Petrochemical Produ~ts 

52' 5.3' 54' 57' 66, 99, 100, ;05' 158, 19J, 229, 245, 253, 

267, 281, J08, JlJ, J17, JJ4, J42, J4J, J51' J85, 418, 422, 

424, 490, 49J, .514' 5J8, 562, 563, 609, 610, 615, 629, 635, 

639, 641 t 644, 668, 701' 710, 736, 7J7' 7J8, 739, 11•9. 

PulE and PaEar 

52, 57, 66, 99, 12J, 150, 158, 229, 27J, 29J, J09, J2t, 
J47, J74, 401, 40J, 421, 441, 479, 491, 503, 544, 549, 569, 

595, 634, 685, 694, 7J8, 739, 641. 

• 

\ 
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Other Indu::;trie::> 

14, 4), 52, 61, 63, 66, 98, 99, 108, 117' 147, 164, 2J7' 

2J8, 242, 2li6' 247, 255, 259, 270, .291' JJ9, J57, J78, J79, 

)80, 400, ~47, 4.56 f 457, 465, 505, 506, _510' 519, SJ 1, SJ7, 
• 

5J9, 596, 62J, 651, 661, 662, 676, 678, 689, 704, 705, 721. 
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.l:'A.H.T .LV 

BIBLIOGRAPHIES, ABSTRACTS, LISTS OF 
PUBLICATIONS, RESEARCH PROJECTS, AND 

GUIDES TO LITERATURE 

American Petroleum Institute. Air Pollution-
Bibl.iogrnphy {Now York, N~w York, 1960) • 

.American \tater Resources Association. Water Resources 
Abstracts (Urbana, Illino.i.s, published monthly). 

Contains abstracts on many aspects o:f water 
resources including pollution o:f waterways. 

). Bennett, G., and J. Hoetman. Bibliographv o:f Books on 
the Environment--Air, Water and Solid WastP._!. (Toledo, 
Ohio: University of' Toledo, Department o.f Chemical. 
Engineering, 1969). 

4. Christianson, A. G., and n. A. Tichenor. Industrial 
Waste Guide on Thermal Pollution, for Federal ~ater 
Pollution Control Arlministrat~on (Washington, D. C.: 
U. S. Government Printing O:ff'ice, September 1968). 

Presents a guide to sources, e:f:fects, and 
control 0£ thermal pollution and a guide to literature 
concerned with thermal pollution. 

S. Cooper, A. G. Air Pollution Publications. A Selected 
Bibliography, 1963-1966, :for U. S. Public Health 
Service (Washington, D. C.: U.S. Government 
Printing Office, 1966). 

6. Sulrur Oxides and Other Sul:fur Compounds, 
A Bibliography, for U. s. Public Health Service 
{Washington, D. C.: U. S. Government Printing 
Of':fice, 1965). 

farbon ~onoxide 1 A Biblio,raphv with Abstra~ts 
ror U. S. Public Health Service (Washington, D. C.s 
U. s. Government Printing Ofrir.e, 1966). ,, 



• 
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8. Davenport, s. J., and C. G. Morgis. Air Pollution, 
A Bibliography (washington, D. C.: U. 5. GOvernment 
Printing Office, 1954) • 

9. Gibson, J. R., W. E. Cul.ver, and M. E. Kurz. 1h!. 
Air Pollution Bibliography, Vol. I (Washingtont 
D. C.: U. S. Government Printing Office, 19571• 

10. Golueke, C. G., and Staff 0£ the College of Engineering. 
Solid Waste Management Abstracts and Excerpts from 
the Literature, Research Grant No. Ec-00260 to the 
Univer,ity of California, for U. S Department of 
Health, Education, and Welfare, Bureau of Solid 
Waste Management (Washington, D. C.: U. S. Government 
Printing Office, 1970). 

Presents a rather comprehensive survey of the 
literature available in the field o.f' solid waste 
management. 

11. Jacobius, A. J., J. R. Gibson, v. s. Wright, V. D. 
Culver, and L. Kassiano.f'f. The -Air Pollution 
BibliogJ"aphy, Vol. II (Washington, D. C.: U. S. 
Government Printing Office, 1959). 

12. Lawson, B. L. Atlas of Industrial Water Us , 
Publication No. 18 Ithaca, New York: Cornell 
University, Water Resources Center, September 
1967). 

13. Le.f'lce, L. v., A. G. Keene, R. A. Chapman, and H. 
Johnson. Summaries of Solid Waste Research and 
Training Grants, 1970, ror u. s. Environmen~al 
Protectjon Agency, Solid Waste Management OCfice 
(Washington, D. c.: u. s. Government Printing 
Ot'f'ice, 197 1 ) • 

Presents a review of completed and active 
solid waste research projects and training pro
grams supported by the Environmental . rotection 
Agency in the intorest or developing economical 

• and efficient solid waste management practices. 

-14. Livengood, c. D. Textile Wastes--A Bibliog:i;aphy 
(Raleigh, North CarolJna: Water Resources Resea·nh 
Institute, North Carolina State University Febr~ary 
1969). 
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Moore, R. T., J. J~ Sabo, and D. N. 
Vankirk (eds). Grants Activities Supported by the 
Eni.rircn!!!e!!.ta.t CC'ntr()l A~!!!!i!'!istr;_-t.ri0n of· th~ 

Environmental He::!l Lit S!•n·i.cP. ( Wa~hington, D. C.: 
U. S. Government Pz·inlinG Office, 1969). 

Describes eranrs activities runded by the 
Environmental c~nt.!'Ol Adminlstr<ition durint; the 
fiscal year 1~.J69. '!'he l'Xiv:~-~~onmcntal Control Adminis
tration is made up of' t~i. \"Cl burc<1US--Communi ty 
Environmental Manac.:ement, Occupational Saiety and 
Heal t.h, f<atl:i.ologic~l Ho<Jl t.h, S0lid Was"t;e Management, 
and Water Hygiene: each bureau has a section in i;his 
publication descril.Jing its own r;rants programs. 

16. Nuttonson, M. Y. AICE Snrvev of USSH. Air Pollution 
Literature, Velum•'! IV. t-~~tc~rJrolot;· ical and Clh?mica l 
Aspects or Air Pollut,ion, Prnpa 0:-ttion and Dispersal 
of' J\jr Pollut;ant:.:> jn a N1unher of' Arca~ i.n the Soviet 
Union (Sil vo~ Sprinc-, .Ma.ryl.aud: American Institute 
of' Crop I•:cology, December 1969). 

17. AICE Survey t"\f' l'SSR Air Pollution Literature. 

18. 

19. 

Volume v. Ef'fec t.s or Me l~oorologic.:tl G0ndi ti OOfi and 
Relief' on Air Pollut·ion; :\:Lr Contaminants Their 
Concentration, Tronsp.ort, and- Di spcrsal Silver Spring, 
Maryland: American Institute or Crop Ecology, 
January 1970). 

-----·· AICE Survev of' USSR Air Pollu1,ion Literature. 
Volume VI. Air IJo.!.lution in Rel<:t:i.u11 to Certain 
Atmospheric <ind ~IP. t:oorulo(J".i. c•1 l Condl. tior_!s and 
~ of' thu Mo thods Em J.0vHci in the Sut·vev and 
Analysis of Air l'clJut.u.nts Si lvor Spring, Maryland: 
American Ins ti tu te or Crop Ee ology, 197 1 ) • 

Ontario Water Resourc~s Commission. BihliograJhy and 
Reference Material {Toronto, Ontario, n.d •• 

Contains: bibU ography anu rcf'erence material, 
generAl r'1ferenc(' material, lists of films and 
.f'ilmstrip~, publi::.hers, and Provencial Water 
Pollution Control Agencies. 

20. Sponagle, C. E. Sol tel wa.::;tos Demonstration Grant 
Abstracts· Gran1.s Award~·d .Jt1n:.tar I - June 0 
.!.2.22., U. S. Dep;1rtmcnt. c,f Health, !~ducation, and 
Welfare {Wushinetcm, D. C.: tJ. ~.;. Government 
Printing Office, 1969), 
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21. Tof'tner, R. O., D. O. Swavely, W. T. Detm, and B. L. 
Sweeney. State Soiid ~a~te PJ~nninc Grants, Aeencins, 
and Progres:; - 1'>70, Public Health Service Publicu
tion No. 2109 (Washington, D. C.: U. S. Governmen~ 
Printing Of'rice). 

22. U. S. Departrnent of' HGalth, Education, and 'Welfare, 
Air Pollution Control Off'j ce. Photodwmical Oxidants 
and Ai.r Pollut"ion: An· A:m10tated Bibliocir;iphv, ,\PCO 
Publication No. AP-88 (\~<Jshington, U. C.: U. S. 
Government. Printing Ofrice, March 1971). 

23. , National Air Pollution Control Administration. 
Air Pollution Tran~l;1 ti on:-;: A fliblioereiphv with 
Abstracts--Volume 2. NA.PCA Publication No. AP-69 
(Washington, D. C.:· U.S. Goven1mant Printing 
Office, April 1970). 

Presents a bibliography of' worldwide technical 
literature on air pollution, and includes abstracts 
and indexes. Entries have bean translated from 15 
foreign languages. 

2~. , National Air Pollution Control Admini5tration. 
Guide to Hefiearch in ,\ir Pollution, Projects Active 
in Calendar Year 196q, Public Health Service Publi
cation No. 981, 7th ed. (Washington, D. C.: U. S. 
G-overnment Printing Officn, April. 1970). 

25. , National Air Pollution Control Administration. 
llighliehts of SP.lect,ed Air Pollution Research Grants, 
NAPCA Publication No. AP-70 (Washington, D. C.: 
U. S. Governmen~ Printine Ofricc, May 1970). 

Descriptions of' selected research projects in 
air pollution st4>ported by tho National Air Pollu
tion Control Administration. 

26. , National Air Pollution Control Administration. 
Hydrocarbons and Air Pollnt.iott: ,\n Annotated 
Bibliography, NAPCA Puhl ice:~ ti on No. AP-75 (Washington, 
D. C.: u. S. Government Printing Office, October 
1970). 

27. , National Air Pollution Control Administration. 
Nitro on Oxi~les: An Armata ted Bi.bl:i.o ·ra h , NAPCA 
Publication No. AP-72 Washington, D. C.: U. S. 
Government Printing Ofl'ice, August 1970). 



28. 

29. 

31. 

32. 

...) .) . 

,. . · ... .: 

------' Ot":i'icr; nt" !!i ;,· ;: :·o,;:«l<l~. ~::;-'_!:'oc_t-J.c:r-.;_c Aci<l 
and Air Pollut:i'"': .-\r: An!n1<1t~c.i Hiblioc;raphY, 
OAP PubLicati1,1. >. .. ~·.:---~('~ \ .:. _.;hingt.on, D. C.: 
U. S. Governmr~r1 t; f' ~-it ; :i.n,::: ~_Tf.i .- ~, J1 l v 1971 ) • 

U. S. Depar1.r.io:1t ~):f thi:. I:l!e~~nr, fa;1·t•~•U of Mines. 
Air·Pollut:i.o~-~1.:J:cat-'_on~ Se1.t.~l'.';l,d ft·om Bureau 
of Mines Pubti<'<:•Li."!• s~cj(:·.:' ;•· .. ..: .lot~rnill .\rticles b·.r 
Bureau or Jl.1ine8 Alli.ho,-~ ti:<..shinbton, D. C.: U. S. 
Government ITintiPg O.i.l~ic:'), Ja:-:.t~ary ~, 1970). 

-----' f'edcral !i<'•Lc.r :(u:-~1.:.ty .\tlrr.inistr..s.tion. Projf·-r.ts 
~· t:he In<:!•fft;ri••1 Pc.l.l.ut.:_on r,nntro3 Brnnch (Washine-ton, 
D. C.: U. S. GoY0rnment Printin~ Of".fico, January 
1970). 

Cont~:i.ns sU'lllil3!"Y i.n1·o:naatio:1 sheets oi' research, 
developme11t, ar.d cl·~;uor.str-a ti0n projects administered 
by the Indus tr.i.al Pollui:i"H"- Cont:?:ol Branch. 

-----' FP.cforal lfate- ~~~a li ty Administra-.;ion. Projects 
of' the Tnd 11n~ .. -1.al Pcll~1·:..1on Con';n1l ;>.L·anch (Washington, 
D. C.: •J. S. Govcrnmen-.. Printing Ofi'ico, July 1970). 

Contc.1.i:1s :-;ummc:.ry i.r;:forr:1atinn sheets of' research, 
development, a:-.ri dernu.nst;r.:-tion !JJ.·o,jPcts adminis
tered by the· I:1clu~ti·ia! Pollution C1•ntrol Branch; 
al.so contn in:-; n:1;ni.~rc;11<; t.::.:.i:;J~:.., •L1 11.qt:irl :ind liquid
borne i;.ollutants by industrial catccorf. 

-----' l'•)d<J1';t: ·.;;ttnr ~d"1..!.ii:y fqfmi.11:istratio11. Projer.ts 
of" t.hc It!~..,!._r~_,-,1 r1 0J Jut.L~1_t Cn!'_~-rnJ. F>rnnc.h {Woshington, 
n. c.: u. s. l.10.-c::.;.H'•'",;i:.; l't'.L1l..;L1,~ O!"t'ice, July 1971 ). 

Cor~tnir'..~ .. J o!' resear' h, 
devclopr::ont, ar.d d•:monstra t·! on pro,iccts administered 
by tho Indus vrj.<tl f'" 1 1.11 tioll Ccn trvl Branch. 

-----' Fedur2-l it"r:lt(~::· c:~<;,,·! : ·\;y /.1.i.., Lni~ tr8 t].on • 
RoRearr.h, JJ1.'Y~ I <qirr.r-rit ;\n.t D':~mcnc; ~;ration Projects 
(Washington, fJ. C.; li. S. Co·.ror:tmrmt Print:ing Office, 
April 1 , 1970). 

Cont•• ins inf<>r:nn ti on ;!wot:.,; on ra"L!nicipal, 
industria 1, rlgL' i <:ul Cll.L'<:tl, mini:1g, <ind othor-sources
ot' pollution -.~ontrol technology, water rosources 
plannin~ anrl. l'ef;ourccs data. 

• 

• 
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J4. 

J5. 

J6. 

U. S. F.nvironmental Protectjon Agency. Solid Waste 
~agemL-.11!.: A L.1:-:;:. of A':;i.il:1ble Liter:.tture 
(\{a shi.nr:t un, D. C. : l. ::i. Government P rin ;;ing 
Orrice, October 1971). 

This report. presents u. list o!- puhlications 
pertainine to ~oliti \\'<ts te managemo.at, research, 
and dernonst.rot,~on projects collected or published 
by tho l!. S. Environmental Pr•~tecti.on Agency. 

Solid W•·-~rP ?-1an.1rumeni.: A Li st or AvniL .. 1ble 
L:> .. terature (;-i;:.sltin(;'!,un, D. C.: U.S. G<.1·vernmcni 
Printiug orr.i.cr;, 197'2}. 

This report pref>ents a list o.r publications 
pertaining to solid waste management, research, and 
demonstration proj~ct:s cc,Jlected or published by the 
U. S. Environrr.eu t..J.l PrntE:c ti on Agency. 

Current Li:: t 
(washingto11, D. c. : 
September 1971). 

of' Water PubJj.cations, 1965-1<)71 
U. S. Government Prit1ting Orfice, 

J7. Solid '1-:::i:-;tc- Man<..:i',":mP-nt Demonstration Grant 
Pr0fr~cts - 1'171, So~.if! ~as1.e ~lan;1gl;!111ont Serles 
Iublir.at:ion No. SW-)ci. i (Wa·3hington, D. C.: U. S. 
Government Pri:n'.;inG Of'fi~e! 1971). 

J8. , Air F.lJ lution Control (if.i..~icr.-. Air Pollution 

J9. 

Aspeci.s of' Emis:-"j on Sourcf·;s: Mm:l.cipal Incineration-
A Bjblio 'J'a Jh'.- wiLli i\.h:-;t:.rCJct:";, APC~ Publicatir>n 
No. AP-9:~ W...i.sh.i.n;;ton, H. c.: L. S. Government 
Printinc Ofr~ce, May 1971). 

-----' A.lr PollL1tion Control. Of'f'icc. Air Pollution 
i\spcct~ of ErT'j~~.1on Sources: Nitr·ic Acid Hanu
factnr-inc·--A Bjb.li.ogr:tpllv wi1,h ,\h:-;tracts, APCO 
Public<:stion So. AP-CJ:! (wa::Jhinr~ton, D. C.: U.S. 
Gov·~rnm(.:rn Pr.:ntiug· 01.'.ficc, .May 1971). 

40. , Ai.c PnlluLiou CcJntrol Offjce. Asbestos and 
Air P~l.l.ut:i.on: /m Annot;at.1=?d Hi.blio rn hv, APCO 
Publicc:i.t.i.oll "'in. AP-82 w<ishi11gton, J). C.: U. S. 
Gnvernr11ent Print.:i.ng; Of'fico, FP.bruary 1971). 

41. , A.i;:- Po.i.lutjc,n Control Office. and 
Air Pollution: /,n,:ainnt;1t;cd Biblio,,.rn h , APCO 
PuhlJcc..tion No.,'.:?- \..':lshi.nc1.on, lJ. c.: u. 5. 
GovC'1nmen.i PriJLLiag 0ffic'1, I•'Abrt.1<.4ry 1971), 



42. 

4J. 

44. 

45. 

46. 

-----' OfTico nf.' . .\1.r PrO£l'<tnis. ~:ir P1il.h.i.tion 
Abstract::; (\=a;.;hi.n;:;,u:L 1 D. C.: \:. S. •jovcrnrner..t 
Printing Ofl'i·-~c, puhli::-lwd monthly). 

Presents a mout~tly survey 0f technical li tera
ture avc.:iJab.lt' in the .fi.eid ,;f' ;:1ir p~>l lui..ion. 
Subject !'l.cl.d.,, <11·e: .a:,mj s:::;.1.ou ::H'l'.Ir<:eti, c-ortrul 
methods, me:?.surf!tnent methooe'~ ~:ir quality measure
ments, a tmo!:;phe:-·_;_c j in ~rac l •. i 011, basi.c science and 
technolot;y, c.ffe··: o:.s- -1;.u;il:.Jn heal C:, t-:f'.fe·.· t ::-;-- plants 
and livestock, erfe1:ts--materj:otJ.s, econonric aspects, 
standards <tnd critt.'!'..i..1, '-c·tT,a} <ind arimi.nistrative, 
social a~pects, gqneral an~ ~iscellnn~ous. 

-----' Of'f'ice of' A.:r Pr·o1_;.rarn!;. ,,-\.Ir Poilut.ion A::;pects 
of Emi.ssion Soun~es: Cement ~{a11uClc1.urin,...--A Dihlio
Ta Jh ·with ,\b5tra.;1.s, OAP Fuhlicat:i.'•11 No. AP-9li 
Washington, D. C.: U.S. Government Printing Of:fice, 

May 197 ! } • 

-----' Of't.ice of' Air P?·oe-ram:<.. ~i!::....f>c.illution Aspects 
of' Emission Sour•.;.-.:s: l':Jt:!ctr-i.c Pnwer· Produc~ion--
A B.iblin"Ta 'h\· ••i"':ii Ah,...t.r?.i·t:.=., 0.-\P Puulication No. 
AP-96 'iiash1ngto11~ i"I. c,: U. S. Go'.·crnmen"t Printing 
O:frice, May 1971). 

-----' OfTi,:e of ,\:ii· Pro,~rams. ~ir Pollution Aspects 
of' Emi ~ ~ j on ::;onr-1·-:~ s : :-:nJ f.1: r i •; ,\c id !-hHu:f<• ;; turina--
A liibl.ioi•;r;;1.r1v ,.it!:_ ,\hstr-act.:-:, o;lp Publication No. 
AP-95 p,·rl<:<liingL<•H, fJ. C.: IJ. ::;, G1H·ernment Printing 
Of'fice, May :~~71}. 

-----' Of't'ice of' ,\.i_ .... Pror;car:•~~. Chlcnin'O' nnd .\ir 
Pollution: An Annol<it1~! ri, bJ il)p;r;;.phi-_, OAP Publi
cation ?-:.;. AP-~>9 (wa:-J.ington, D. c.: o. s. Government 
Printinc· Off'ice, ,/uly I ')7 I). 

-----' Of .ficl"' of H(~:--p;: r~ !1 ilttri '.\fonitor i.1;c. Bihl iocraphy 
of' Water qua.I j ty Hc:,n;1n'.h Rf~•>or.1.;i_ (Wns'1inr,-t.on, D. G.: 
U. S. :}cJ'rernmen t. P1· int i.nr Off' icr:, .J(; c ernuer 197 1 ) • 

Presents a 1 ist of pr~)jects r.onccrnP-d with 
research, dnvelop;nnnt;: ~·nd uemoHs1reit:ion a<;tivities 
in the En vi rom11fH:t;i 1 Protect i.on \G"cnc:: :;ponsorcd 
water re.snarch j..irogram. 
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BOOKS .~SD REPOHTS 

Adler, J. H. The UndorrlevcJ o ed Areas: Their 
Indnstr.i.alizat.i{m New Haven, Conn.: Yale 
Institute oi· Internutionnl Studies, 1949). 

h9. Aero jet-General Corpora tj_on. Calif"ornia Waste 
Manarpmont Stl!df.., He port J05b (rinal) (Azusa, 
Calif'()rnia: .::..erojet-Gener:d. Corporation, Aagust 
1965). 

Discusses 'types of' wastes, their characteristics 
and ef'f'ects, revj ews m·~thods of: processing and dis
posine- of' w<lste, describes the systems concept and 
its applicati<>n to waste management in Calif'ornia, 
discusses t:he resul.t and purpose o:f waste manage
meni., considers the structure of' waste management 
systems, compares cos-::s of' various systems and 
environmental quality lf:vels, considers the govern
mental :functions and orguniz:.ltiot1 required to 
implement a systems ~pproach to waste management, 
outlines a plan 1'or i''.lture u.ctiot~s to establish a 
waste management sys !:em, and pres~nts a d1~tailed 
analy5i~ cf the Sa~ramento, CaJirornia area as a 
pilot model ~or the mn1·0 general systems approach. 

5r1. American Coke and Coal Ch~micals Institute. Clean Air 
and the li'onndrv Industry (Wa.:';hi.ng-ton, D. C., n. d. ). 

51. American Foundr:rmon Is Soc i.&ty. Control or Emissions f'rom 
Metal Meltin1: Operations (DcsPlaines, Illinois, n. d.) 

.32. American Ins ti tutc of' Ghr~micul Engineers. Industrial 
Process D(·sir;n for W;ner PolJutinn Control (New York, 
New York, 1 <1'7()). 

Presents tho proceedings of a workst1vp bponsored 
by the American Ins ti t.u tc ur C!1em.icfll Englne.Jrs 'Water 
Cammi t tac to s t.ud:; rao;ms of' rJ imini::.hing water pollu
tion by indu .• Lry. Se lee Loci industries and pertinont 
pollution problP.ms aro discussed in individual papers • 



53. 

54. 

American Petrolewr. Institute. Manu;tl on Di-;p~saJ 
of Ref.'inery Wa~t;c~, Volume on Liquju Wa:::res (New 
York, New York, I ~;6~). 

Hepnrt on :\ir and w.-,+.~:.· Conservation Expendi
tures ot' 1.he Pei roJ cum 1r~(:u:- t !'V in the l!ni tc-d States, 
1966-1970 (~ew York, ·-:··-i·. YL•rk, Fcbru<:1ry 1971 )'. 

55. American Society o:f Meehan icu l Enrrincers. Dispos<1 l of 
Industri<-tl \.:as"t€:s bv Corntiu:=:t ion: r\SHE-lndus"trY Survey, 
Present State or the At·t ( 1~71 ). 

56. Anastaplo, G. R., s. Derry, H. H. Coa:::o, H. Demsctz, 
and M. Frjedman. The Lr,g-al :-ind Economlc Aspects of' 
Pollution (Chh:ago: Chi.cago Tjniversity <::entor for 
Policy Study, 1970). 

Report; or a faculty pane 1 d.iscussion of some 
basic, philosophic:i.l problems af:fecting current 
attitudes ~oward pollution. 

57. Anderson, H. s., R. E. P<tddoi::k, R. O. Lyon, M. E. Fogel, and 
E. L, Hill. ;_;ssR' s ~a11ual of' A11tomated Procedures 
t'or Estimatjne Contn>l Cn~rs ;1.nd Emi:sslon Reductions 
:for Spccj_ 1·.i.od Ai!' J•,-.] jot :.Jon ::\1Jur 1~ 0s, Contract No. 
PHS-CPA-70-60 ( Durh<'1i~1, North C<• rolirw: Research 
Triane-le Inst:ii;t:Le, Doc(.:r.tber 1970). 

Presents a user's manual for usine computer 
progri'lms which were deveJareci to c:•timate emissions 
from industrial sources anrl the cGsts of control. 

58 • Anderson, L. E. C<,111Pn1.rw ... < .... ""' :;. l •H..li~):-; of Solid Waste 
Managemr•nt, :\ Mathcr.vti,jcal Model for the Opt.imization 
of' a Waste Marh..1eem1:!U..._~v:-;tcrn, i<ev. hy A. K. Nigam, 
SEHL Rnport No. 68-1 (Herlrnlcy, California: University 
of Califo~nia, Fobrunry 1968). 

59• Arrow, K. J., and T • .3citov~ky (eds.). 
Wcl f'are J<;c nnom.i..c 5 ( Homo\o.·0od, 11.l • : 
Inc. , 19(;~!}. 

Rna<lint~s in 
R~ch<lrd D. Irwin, 

v~ry t.;ood :-;<>lee t ·Lon of re:1dinr,-s in wel f'are economics. 
Reading~: ;1.re grouped under the following headings: 
Foundatj.ons, VoJJtic;1l A~pocts or Welfare Economics, 
Social vcr~11::i l'riva tc Co~; t:s i<J.11d Ilonof its, Increasing 
Returns, Tlw M<~-1:•1..11 ')lllVil L of we 1 fare, Taxos and Prices, 
and Invc.st.rnonL and Gx·owt.h. 

.. 

• 

• 



• 

.. 

60. 

62. 
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64. 
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Athanassiadi::;, Y. C. Air Pnlluti.on A~pects of' 
Cadmium and its Corn~0unds (Bethcsdn, Maryland: 
Litton ::>ystems, in.:., Environmental Systems 
Division, September 1969). 

Covqrs ef'f"ects on humans, animals, plants, and 
materials; environmental air ~tandards; natural 
occurrence; production and product sources; environ
mental air concen~~1tions; abatement; economics; 
and meth<.•ds ul' an...tlysis. 

Air Pollution A::i ect~ of' Phns horu!I and its 
Comeounds De~hesda, Mnrylanri: LJtton Systems, 
Inc., Environm£:ntd 1 Sy:nems Divisi<m, September 1969). 

Covors erf~cts on humans, animnls, plants, and 
materials; environmenLal air standards; natural 
occurrence; production, product, and other sources; 
environment~! air concentrations; abatement; 
economics; methods of' anaiysis; samplins methods; 
and quantitative methods. 

Air PolluU 1m A:Spoct s ·.>f Vanadium and its 
Compounds (Bethesda, Maryinnd: Litton Systems, Inc., 
Environmental Sytitem~ Division, September 1969). 

(Same outline as for Qntry 60.) 

Ayr&s, R. U., and H. P. McKenna. Alternatives to the 
Internal Combu~t:ion Enf7in~ (Baltimore: The Johns 
Hopkins Vress, 197!). 

Barkley, P. W., and D. ~. Sockler. Economic Growth and 
F..nvironmental Dc.:av: The Solution Bacomes the Problem 
°{New Ynrk: Harcourt· Brace Jovanovich, Inc., 1972). 

A very r€:a<i,1ble introduction to environmental 
economics. Envi.ronment~l decay is shown to be a 
direct result of' economic erowth which, although 
necessal'y u_r., to no~, ii; quP-sticned in light of the 
environmen~al problem~ associated ~ith economic growth. 

65. Baumol, W. J. Welfare Economics and the Theory o'f' the 
Strtte (Cambridge, Massachusetts: Harvard University 
Press , 19 6 5 ) • 
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Area. Air PuJlu t .i.or~ Contr·Yl Di.st1·ic t. .-\ir Pollut i•)n 
and the S;1n 1''r•1nri:-.. -::1:. B.tJ: Arr.:oa~ 6th ed. (San Francisco: 
Bay Area A.h· .Pollut.i.0n Cnutrol District, March 1972). 

Nontechnical bookie ~ dc5crlbin~ air pollution in 
the San Fr<inc is: '·' hay ;, -_ ~.:. Ctmtains . ..1 tal!le showing 
the tons per day of particulates, oxidos of sulfur, 
organic cowpvunds, oxidus of 11itroc~en, and carbon 
monoxide emit. i:~d. by eCJ.c}1 of' appruxi1aat:cly 100 s~ ~.ected 
specific industrial so~rces (by company name) in the 
area. 

Bergson, A. Essays 
Massachusett::;: 

in Xormcttive F.c:onom;c.s {camhridg-e, 
The Belkn.3.p P1·ess of Hnrvard University 

Press, 1966). 

68. Besselievrc: E. B. Industri<:!l WastP. Treatment {New York: 
McGraw-Hill book Co., 195.2). 

69. The Treatment of Industrial.Wastes (New York: 
McGraw-Hill Book Co., 19b9). 

70. Black, Guy. Ener9;y, Air Qualjty dt!d lhe System Approach 
('Washington, D. C. : GP.orge Wc:.shington Uni\rersi ty, 
Program o.f Pc.d.ir:y S-i;udies in Sc ienc;; and Technology, 
July i970). 

Analyzes pos5ihilit.ie~ of' a national energy aud 
resource policy <1rul an air pol l.uliun policy which 
would permit the achievement of natjonal goHls such 
as economic: gr•>'..-th ;ilor.g with the goa1 of air 
pollution abatement. 

71. Bohm, P. External Economies in Pr<;duc:tlon (Stockholm: 
Almqt.&ist & ~ikf'cll,.,, 196!1). 

12. Borts, G. H. Economir: l'.'aetors 
(Providenco, Hhoue Island: 

in the J..•Jc.-iti on of Indusi;ry 
Brown University, 1<)59). 

Seo especially P<.1rt il: The Metalworki1•e Industries. 

7'J. Brunelle, M. F. 1 :O! •• J. Leon;:rd, W'. r.. MacDcth, J.C. 
Mosher, and T. P. Mul.lins. An An'1.i;r!'i,; of Ozono 
Alerts jn Los A11p·e.l0s Countv (L•>:.; .\ng::des, C<.tlif'.: 
County of Lo:-; .\11{';0 I c~, Air Po llut .i.ou Control District, 
September 1, I 9~i8). 
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Bryce, M. D. Policies <u~d ~Jethods for Industrial 
Development (~cw Y0rk: McGra~-Hill Dook Co., 
Inc., 19<::5}. 

75. Bureau of' Aoatement .:ind Control. Estim ... tes of' Air 
• Pollution r,"ncentrations i"rom Four CornerF P.ower 

Plant, Ne"· ftlcxicr~ (Durha111 1 North Car.Jlina, January 
1970). 

76. Campbe11, T. H., .:.nd R. 0. Syivest.cr (eds.). Water 
Resources ManaGement and P~blir Poli~y (Seatt1e: 
Uni vors i t;y of \iashingt on j, .cc s s, 19(,8) • 

Contains .fii·to~n articles by ~cientis t~, economists, 
engineers, lawyers, and jndu::;t~·ialist.s outlining the 
"relevant technical, ,:;cientifi.r, and policy issues 
that should bo contiirlcred in thn management of" 
water resources." 

77. Chapman, R. L. (·~d. ). Envirom!l~ntal Pollution 
Instrumentation (P~.tt-;burgh, Penn.: Instrument 
Society of Am<,rica, l96;Ji. 

78. Chrysler Corpora ti.Jn. Tow;:trd A Gleaner Environment, 
A Report en Chry:-.J er Corp:-;r;ition 1 s Eff'orts to 
Combat Pol.:ution (Doi;roi"t, Michi~an, May 1970). 

79. Ciriacy-~antrup, S. V., and J. J. Parson~ (eds.). 
Natural He::;onrces: (tu~lit.v c-:nd Qt..:=u1tity (Berkeley 
and Los Angelos: UnLvcrsity of Cali~ornia Press, 
1967). 

80. Colley, D. G., a11d K • . Az.i.z. Nume:-·.ica.L Simulation of 
Atmospheri.c Pvllntion froto Industrial Sources, 
Report No. 1 (C;dgary, Alber~<t: University 01· 
Calgary, Department of' Chemic.al Engineering, 1968). 

81. Cotterill, C. H. In<tu~trial 1:1ant I.ocat.ion: Its 
Application ~o Zi.nc SmP.llini~ (st. Louis, Missouri: 
American Zinc, Lead ~nd Smolting Co., i950). 

82. Council of Europe. Co~nitteQ of' Experts on Air Pollution. 
Comporativn Sturlr of CnrtaJn Prnvlsjons in Member 
~es .for Cotu,rol..Ling ,\ir Pollut:ion, .January 1971 ). 

Hosul ts ot a qu•lstionnaJ.rc sent to Austria, 
Belgium, Italy, The Nothcrland.:s, N11rway, Sweden, 
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Greece, Fr:1nc~·, Ir~larvl, Ge!·many, ~lalta, Great 
Britain, an:i 'Iurk.C'y for thP pnrpnse or surveying 
lcsislation on ilir p0~lution control. 

8). Crocker, T. U., dfld .\. ,J. R..-.ger::; III. Environmental 
Economi.-:s (IIini:;daJ.e, IlJ.iuoi:;: The Dryden P.rcss, 
197 1 ) • 

84. 

85. Dales 1 J. H. Pollution, Pn'nertv • and Prices (Toronto: 
University of Toronto Press, 19ti8). 

A stir.mla tine applic;:.t ti on of' economic analysis 
to the &tudy o.f pollutlnn and a critical appraisal 
or t.he role or ocoaomic anu.ly~is in studying problemE 
involving externc.1.l et'.fects. 

86. Darling, J.'. F., Ci.Ud .-; • P. 1-fj l ton (eds.). Ft!t:urc 
Environments :1!° North America· T:·<tns.formation of' 
a Cont:iH0!•1" (r:;.a1·11cn City, .'~ew York: The Natural 
Historv Press, 19b6). 

87 • Davis, R. K. The k.~n1re or ~h.•i.ce j n Water M;inaGemcnt;: 
A Sturh- of Uis:;oJv._ .. i Oxv,<,.r-n in Lhr: Potomac Est:uarv 

Bal tir.iore: Thi~ John::- Hoplcins PrPss, 1968 • 

88. Davis, W. !!;., <-i.nd :\ssoc:;_:..it.cs. Nat.tonal TnvP.n!:ory of" 
Sources vrid Emi:-;,,,j_~iu:->: C<.t'lm.iunr, Nickel, and 
f .,bas tlJS - I ()()H. C:H!!;:.!~SC'C t.J.011 I (1.eawood' 
Kansas, F·obrmtry I'){(>). 

Contaj 115 a r~encr<i l OV1:r-~·ia.....- of' t:he cadmium 
industry, a brief· de.bCrJ.pti0n of iudu!Strlal pro
cesses :1n<l a rovie" or tlie types and extent of' 
cadmium emission~. 

Nati nn;1 l Jnvf:n torv c.r Sourr:e~ and Ernission1::1: 
Cadmium, !\;JrkoJ., <tlid .\slie:;[;rJ.·. - 11J68. i'i.ickPl, 
Sectio11 l"f (Leawood, K<lhsilr~, 1"uhruary J~j70). 

Contains a rr,~ne .. al OVf:t"Viow or the nickel 
in l\tf;try, a h.ciP.f de:-;cr.i.ption qf' industrial pro
cesses, an<l a .cnv iHW nt' t.he I YP'-'S und extent of 
nickel emissi<>ns. 
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N«ticn:o. l lHvru t.01·•· »f So•..Ircos and E11d ssions: 
Cad1;1iun:, '!ickel. •1!:< 1 .... :::.t·t.~:~to:; - 1::;61::1. Asbestos, 
Sec ~icm III {Leawood, Kansas: February 1970 J. 

ContainE a ~enet~l ov~rv~e~ of' the asbestos 
indu::;try, a br::.ef du~cription of industrial pro
cesses, ;ind.:. r~view of' the types and extent.of' 
asbestos emission~. 

De Bell, G. The .Env.ir'>nmental H<indbook (New York, 1970). 

92. Di Luzio, F. C., J. W. Heint~~ and C. L. Gransce. 
Enginoering· E·.ralu<nicn nf !''actors /,ff'e;;ting Quality 
cf' Wat:er Sources ,.\vaiL1blc t'or Sal.inn Water Convar~ion 
Plant.s, C0ntract. Xo. n1-1:~-0!-000i-J78 (Baltimore, 
Maryland: Shoppard T. Pc.well and Associates, 
DecP.mber 1965). 

9J. Dolan, E. G. TANSTAAFL (Thvre ain't no such thing as 
a f'roo lunch): The Economic StrateF,Y :for Environme .. ,nl. 
Crisis (New York: Holt, Hinehart and Winston, Inc., 
197 1 ) • 

94. Durocher, "\". L. Air Pollution A.spect;s or Beryllium and 
it::. ComjiOur>d.5 {ne.thu:-,d:-t, )i'-lry.h111d: Lit.ton Systems, 
Inc., Envi.ronmeni;al 5ysi;em::o Division, September 1969). 

Coverb effects on ~:mans, anlm~l~, plants, and 
materials; pnvir.-)nment.n.1. air .standards; natural 
occurrecc.<'; production awl proclue; t sources; environ
men ... al ai.r c<>nceutrations; ahettemenL; economics; 
sampJine methods; :.nd quCJ.ntita.tive mP.thods. 

Air Pol luLi on .\~ oc ts of' floron and i tR 
Compounds l:fotl,n~da, :\1~1;-yJr.111d: Lit.ton Sy:;tems, 
In.;., Environmcnt,.:..J Sy~;tcmti Division, September 1969). 

C"vers e.f-ft:·c ts on humaHs, an.i.mals, plants, and 
matorlaJ~; flnvironmenl..ii air ~tan.dards; natural 
occurrcnr.es; product ion and r:c~1duc-.; Sl•Urccs; env:iron
men tal ai.r c ":iccn tnt t ion;-;; ;iba temcn t; and methods 
of' an~ J :rs L,. 

96. Erdmann, R. c., ',. !lsuiJth~ v. P. O::;tt::!r.li., and R. L. 
Perrino. Power·, lndu:>trv. A ·1·ic11ltu1·"> and F,~olo 

Prelind nary fl;)po1·t, P1·ojc:c t. Cl.oun ,\j r Hi vcrsi<le: 
univcr::dty vt' Ca.liC'oriiLl, .1n11€l JO, 1970). 
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F'aith, ~-. L. '.ir Pr'l~nti: .. n Coat.roJ 
'Wiley & S o-n-~---, -1-~-, 5,..--9...,) ....... -------
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98. Finkelst(>in, H. Air Pnlllll:inn l.~J1t1<;1:!-' o:f Po~ticicies 
(Bethuscla, .Maryland: L.itt(•n Sy~;i::ems, Inc., 
Environmental Systems D.l..vi::;ion, September 1969). 

Covers of'f'c,:: t,;: 011 t!!.1m..:i.n:-;, an i.mal~, plants, and 
maturinls; environmental air stanc!ards; natural 
occurrence; product=:on and product ~ources; environ
ment<tl a i 1· concentrations; abatomcnt; er.onomics; 
and methods of nn;ilysis. 

99. Fogel, M. E., n. R. Johnston, R. L. Collins, D. A. 
LeSourc..!, and H. W. G<!rstle. Cor:1prehensjvc Economic 
Cost Studv of' !d r Po.l lut.i.<•n Co:1trnl Co::; Ls for 
Select.et! Indus t:rie,-, ;!nd :=;t=-lo~1.Pd Ih .. •t;;·ion::; (l>urham, 
North Cat·ollna: H~search Triangle lns4;i tute, 
February 1970). 

Costs or controlling particulates, sul£ur oxides, 
hydrocarbons, and carbon monoxi.rlc jn 100 met.ropolitan 
areas were estimated. Estimates were made f'or con
trolling emissj ons from the 1••11 .. owiuF, sources: solid 
waste dispo:;u J., j riC.U:" trial boj lors, st earn electric 
gener.iling pLrnts, comiacr1.:ial, inc!u~trial and resi
dential he:atjng pV.tnts, and 15 inuust1·i.:i.l C<.tta~'>ries. 

100. , R. E. Folson, E. L. Hil1, and F. A. Ayer. 
Survo Pl<•n i"or S l!C j tied .\i r· Pnll ut. ion S·n1rces 

Durham, North C<.1rolina: Hesearc-h Triangle 
Ins ti t11t.e, Op')rn tio1<;:, HP~C:<i rch and Economics 
Division, Doccmbcr 1970). 

101. Fuller, L. J., R. L. Chass, and IL G. Lun•::he. lli. 
Pol lutlon Data f"or Lo" .\nc..-~.l.es Cc.1unt~ {Los Angeles, 
Cali.f.: County of Los Anct}Je.s, A.ir Pollution Control 
Districtr ,Jamwry 19<,8). 

102. , , anct Profile of Air 
P~1llution C"Hlrol.. in Los .\nGeJe:; Count;v {Ll)s Angel.es, 
Calif.: County uf' Lo~ Ange J.c::., Air Pollution Control 
District, .fanuary 1969). 

103. Gartrell, 1". E., F. W. Thoma:::, s. B. Carpenter, F. Pooler, 
B. Turner, and ,J. M. Leavitt. fu] ! ~··0.1.e Dispersion 
of Stack ;;;1:-.(?S 1 ,\ SunLmary Heport (Chattr1noogn, 1cnu.: 
Tcnne~sec V.illcy Autlwrity, IHvision ot' Heu.1th <.lnrl 
Saf'ety, August 190•). 
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104. Germogenov<l, o • .-\., J. P. Pricnc!., and A. M. Sacco. 
Atmo.sphnrir. H;'I.£<'! A Hev~c"· (C.u:1bridgo, M<1ssachusatts: 
Dolt Be1·:;.;wk <.tn'~ :<cw?m:ui, .inc.:., March 1970). 

10:.. Glr"!yna, E. F. I and n. L. ForJ. The f:hnract.eri:·dics anrl 
Pollu!.ioi1•1l Problc11.~ ,\ss·Jciated with P(~trochem:i.cal 

. \iastC'~ I Su:nr;;;!ry Hnport fC·l' Fuderal watct' Po.llution 
Control_ A~soci.•r,ion (,\u:-:·tin, Te'~~1s: L:ngtneering 
Scion.cc, Inc., I'ehruary 1970). 

lOl. Goldman, M. I. (<~d.). ~;•_)ntroll.1_n,.,. Pol luti0n (Englewood 
Cliff's, Ne:w Jur::;3y: Prentice-Hall, lnc., 1967). 

Contains 17 n.rtic.ies on pollation under the 
:Iollow:i.ng heau.lHES: 1n~roduc1 ion; The Nature or 
the Pri>blem; Er."nomic ,.\nal y .:ds; CuJ.~rcnt Ca sos; 
The Soviot ParalL~l; National. Solutions. 

107. Graaff, J. de v. Theor~~:i.r<:.i W0 1fc:1.re F.:cunomi(:S 
{Cambri.ti:_';e: CatnhrideH Univurs.i1:y Prnss, 1957). 

lOF. Gramley, IL I., r..ind H. ;,. Heath, .Jr. A Study o:f Water 
Pollution C::on;rcil 1n 1.h<:> Tcxt;jJ.e Tnciu~trv of North 
Carolirn.1 (HaJ.0.i.Gt~: Nort.h C<n·1..:lina wa;..er Resources 
Re."-oarch lnsti.t11tr~, January 1 970). 

Presonts a rAvi~~ ur tho textile history in 
North Cacol.inr.., pr<Hluct i_n:-. prr-,ces!;es, case studies 
of' watei· utilL~ation in plaPis,.and v.n ocunomic 
analysis of wetste t.r(,at.ment practices. 

109. Gravn, Si~urd. l'rhan PLmnin:-o· As 1e1~b; of tlater Pollution 
Contro 1 h.:ew York; Cnlu:itlda fo1iver:5ity Press, 1') 9 • 

110. Gurnha:a, 0. I•'. 
(New Yo:r·k: 

Prjncipl n~; c,f Ttidu::.·trj ;:i 1. Waste Tre<•tm~nt 
J.il.n Wjl1_1y (.;: :>011.:;, Inc., 1955). 

111. Har·diso11, L. C., <.ir1tl H. H. l!eri.:igton. Sturlv of' Tc>chnical 
~Cost fn f orr:i<; 1: 1 rin f0r f;'L: CJn<1ning Equ:i prnen t in 
the t·i!llO .\Hd ~~;·v N'>t1-Fr.nT01.1.-, .'.lou1ll•.1r1:;:ic<1l 
~<•tr.i ,_.:", (H) •;, NLW Yor!<.: [wlu:-~ tria.l Gui-,: ClcaninG 
Inst.i.tut.u, D>:.1c~111h1.:r· :11, 1')70). 



112. 

11 J. 

114. 

115. 

116. 

1 17. 

Ha·vom1..~ye:r, Loomis, .:.:!_ !;;.,l. 
Rc~ource~ (Now York: 

Con~ervcit ion of' ()nr Nil tural 
Thi) ~·u:udl :au Company, 19JO). 

Hcr1'indahl, t>. C. , ·~nd ;1. \", Kl'..; p_s,~. Q1wl i ty of' the 
Envi.roml!Pnt:: An Economic :'nTr•~ ..... ,~h ;·.r, SomP Problt.~ms 
in U!':'in;•; Lar..,J, \\at .-r, :-1;1d .\.Lr ( B;.1 c.imoro, ~fa»yland: 
The .John:-: Hop~•.u:s Fre:->.,.: 1 lnc., 19tj5). 

Di scu~:;e::; +-he r')ln of £H.:01ioraic,.; in analyzi.ng 
and S0l\·.ing thf) J;rr)bJerP:o; ol' "'nYil·onmcntal deteri
oration. 

Higgins, .J. A Studv of Thf~rmril Pc..llutinn Abat.r?ment 
Methods {State or ~e,., Yo:k: Bt.;...:'r;::.iu 01' ,.\ir· Hcsource 
Developn:ont:, March 1 , 1969). 

Di~cuss<:!s var1 ••us n:ethods or coo1.!.ng water 
disclmrged primarily I'rom electric generating plants. 

Jarrett, H. (ed.). EnvironMe11;;ril Qi1~J.ity in a Gro"-'ine 
Economy (nultiruor.1, Maryland: The .Johns Hopkinti 
Press, 1971 ) • 

Good collection nf" reading::; on cconornic growth 
and envirom::P.nl::il quality. Two readine·s :.,.re included 
on each 0f' the fnllcn,;inc six tnpic~>, ont:: bo).ng 
writ ten by an exp<>rt on ttia ~ topic Lind the other by 
another expert on t.hat: topic hho i:-. asked nto respond 
either by cri tl<.:r.tl commr.!nt, dcn.'(~lopmont o:f other 
a.spfiCt.f' of' the r:roblem, or both'': He,·;ourcos Dt~velop
men1; Hnd the, Envi1·ownent, Environment and Human 
Heal th, Beyond the 1'!;;.r·:cct Me<:Lc1ni ::>r:r, Economic 
Research i11 Problem::; 1:. ,- Env i.r<>11ment, Public Atti tu<ies 
on EnYironmentai. Qualit.~.·, and N(>edod Improvements in 
Policie;:; ancl Jn::;titut.i.0113, 

Johnson, W. A., and .J. lfo.rcil~~'>i..y (ed.-,.). Economic Growth 
vs, the l'~n': i rr;rn:-;pn t ( fi..d.m;_"n t 1 C .il i rorn ia: Wads \\·or th 
Publi.shing Company~ Jnc.;., 1•;71). 

Jones, L. D., aw~ W. L. Hyrh~n. .I!:!.!.· St.:1tc of the Art 
of' \\'•..1.i:,~r i;.,,-~ :-ind '.N<•:':.-<• n:~·pn.~•1i. in lltr~ Tnxtil.o 
Indus t rv ? ·"> ~n- I <1 <_1(1 (A tJ.<1.n r;d , r;(" n ·e-j a : Gu (•J:' c .i a 
Institute nf 'J\:?chno1<,{';y, wat.cn· Rf.>suurcus Center.) 
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1 19. 

120. 

1 ?1. 

122. 

l2J. 
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Kaiser Indnstrles Cor!rnration, K~iis13r Eneincers. 
Final R.:!POrT: to -chn Slatn of' \.;_1liforni.1, San 
Franci:-;co Hil'.·-Dc:l."t<: Wat.et· ~)l!<d_it;y Cnntr-ol Proc;r~1rn 

l Oak~land, C.J.l i!'o;·:1 i.:.t, Jan.- I 1h)9). 

Studies the ai·rects 0£ wustewater and drainage 
dischat~~es into thCl W<ttcrs of' tho San Franci~co Bay 
and OeJ_tct a"'."'t~a, dui:crmjnes Li1e need f'or anct the 
f'eabibili ty of" a comprcheu!5i ve 1r.ul tj plo purpose 
waste collectior, ;:incl di~i)Ot:al .s~·stem for the area, 
as well as l>ther flll"?:-tsuro~ ot' m.1intcnanco of' the 
ql.lality o:f the \~atr:rs, and d~v~lops the basic 
f'eaturf?S or 'l con1:i.Jrehi;ns.i..ve pJ.an for the control 
of' water poJ.lution. 

Kapp, K. W. The Soci<tl Cns ts o:f' Private Ente1· rise 
(New York: Schockeu Hooks, 1971 

Kearney, A, T., and Company. Sv!-; toms .\nal vsi s of 
Emissions ;,nri Em.i;-;s:i.un,; r.ont.rol i.n· tht."! Iron Foundrr 
Industry. Volun1e IIr. Ap;>endi). {Chica£o, Illinois, 
February 1971). 

Klein, L. River Pollntinn II: Causes a:ad Ef.focts 
(London: Buttf-!rworths, 1962). 

~ Pol.1 utio11 :i"II: Control (London: 
Butterworths, 1966 • 

Discussc~ aspActs of river pollution ~nd 
available method:-: f'or pollution control and 
prevention. 

Kleppe, P. J. , an..i C. N. !{ogers. Survey o-f Water 
Utili;.i;a t ion ar~d Ka'· t.o Cont. rol Prar.ticps in the 
Soutlrn rn Pulp :_111d f';1pf!r Jnch1 st ry (naleieh: North 
Carolina Water 1-<o sources He.:;eu.rch Institute, 
.Junu 1 970). 

A survoy r.d' 46 pu.lp ;:111J paper mi ll.s was conducted 
to dutermino water u~ago and pollution abatement in 
tho pulp and p;q1Eir i.ndlls try. Recommend::i tion.s for 
research were made in six ar0as. 

12!1. :KnocH~, A. V. App,-oaches t0 Hr::!C'ic,nal Water Quality 
f>lanaf~cm~mt, (:.;;\slnngton, I>. c.: .Ho!-;ourccs for the 

- . - \ F'ut11ru, [nc., i ':)<>7 J. 



1 ?t; . _ _,. 

126. 

127. 

128. 

129. 

1JO. 

1J1 • 

Re~ear·c !! :\._·1?ds !_ H:• i-: i '!l':: ·t:: T!u .. · .J din!:' H<>pk.i.11!:' Pross, 
196;!). 

------• H. {. A~'r•~:-<, ~•!..! i{. c:. c1 1 ."·qr,i,. 
Econmr.i .. ::::: onti the-, En-vi.r0mr.12;it: ,\ :..f.:Yer:;:d .. s Ra lance 
Appro•u:h tD:clti.m>!'e~ ?-\: r:.'~_;;;i.i: .. .lhc J~:hns Hopkin::; 
Prr!s:=;, 19/0). 

lJ.se:- the matar:ia1 ~ hal.~:ncc <•1,proc-cit t,o a~alyzP. 
materii.!l ~·us.!du;;J.c. ~>-,_...., T» j....,r s•Jch-irs of' the economy 
and pre:-<en t ~ a mi! t.i1em~. 1;i..c;1l model that. nni tn::; the 
material~ h<:d .. an.::c •.'<....·n•:np-:: witi1 the concept of' general 
equil..i.L r·.~ur:1 :! n e:.;.chan{>;8. 

-----' and B. T. BO'.o/er (,_•ds.). Envjrc•nmental Onrilit:v 
Analvsh;: Rc!-<~a,:ch S:u:IJe,:;:; in t.i1c So·~i:.11 Sci.t.rnces 
(Bal t;:imor,~. Maryl<-tnd: Th(' .. 1 uhns Hopkin:-; Press, 
f'ort.hcorning}. 

, and '.·1an~t~.:i .. n,; W<...ter Onalitv: Economic~, 

Tect;noJr.cy, Insr i:_! 11tj_r.;..i~ (I';t.i..t1m•n-<> 7 ~!nryland: The 
Johns Hopkins .Pre::;~. IJuoj. 

An ou t:::;t.::a1din,:; tri::i~l t.mcnt of the , .. (:onomic, 
technic31, :.inct inst.itut..i..nn~d .. ~.:;pccL~ of' water 
quality ma na f~P me n-t • 

_____ , and S. C. ~mith 

(Bal tim,n·p 1 ~Iary1'..,nd: 
(•.:cl:.;. j. ~tOJ' r.osr~arch 
!"l'w ,J ol.n~ HopJ...:i n8 Press, 1966). 

Con ta in::, :.... c ·> LJ ('c> t;~ on or 26 iJ:iper::; reporting 
primarily ,_.a resear::h i..n the :fiel.d or water rosourct?.s. 

Krenkel, P. A. 
Tenues!3'":e: 

Notes on TruPm;-tJ Pol l!1-Vi.of!. (Nashville, 
Vanrlerbj .l 1. llnj vnrsi t:y ~ 1968). 

Krutilla, ,T. V., ;u1d O . .Ee;kst.01.n. 
River Devnlonm•:rt: :1-tudje:' i1"! 

An<tlvsiti (BaJt.i.more, ~·1a;·:."!<~nd: 
Press, 1 ~lb'.)), 

:-1111_ i:.i.plc Purpose 
Appl ioct l'~c , ... no111ic 
Th'-~ .Tohn:; Hopkins 

:tJ2. Krytor, K. D. Tho Effpct:::: of ~o.ii:;e 011 Man (New . •rk: 
The AcadcmJ<: !"re!-'::;, 1970). -

1.'.)J. Lerner, A. P. TI~~nr10111.ic~.; of CLutrril. (;\01...- York: 
Tho Mar,mill~•n CQ,, i9'Jlt). 

• 

... 
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136. 

I .J7. 

iJ<) • 

JIH) • 

1 Ii I , 

LeSourd, D. ,\., ;~t ~· Comprehc:n:-:i.ve St.ndv of Spe•;ified 
Air PoJlurjon Sni.::·co?:-" to \..;~,'!~-=-- i.!~h [r:on1Jll!i.c Errcct~ 
~yf Ai: (Jt~;;i.~1\· "'-;:.;,1•d<1rd~, v.·,_t. 1_li0!:ie;trch Tridn;l~ 

L~k, North C;ir•.)j_iH<!: HC3P<:rch Trian;>;le ·rnstitute, 
.:emb<•r ;970). 

I~;';t].1;:a-;.es c1mt1·o_l co:-:t::; for parti~ulates, 
sulfur o xi cl us, c<.;.rb(_in r:1cnc.xid'::", hydrocarbons, 
:flltoruic:-:, :.1rhl l"'"'·! fnJra st:;1tinnary sources in 
298 mP.tr0pol i"l.•~-1 a.-en:-: L.f' i!lt, conparati-..i.d.y 
strin1;en;; 1:<·nt.;rol sL:tnd;.r·d~:. 

L i p s •:.· 'l. t , C • H • l n d_• i_~0 __ ~- ...:;.1..:..::..:..a_:. . ...;;l;.._..:..\1_·; _, s_··..:..i:...;u:..· _a_•.~l..:..d_~~-..:..";.;~..:..· ,_,_a_.P-.,..)..;;C.-,...._...;;C_o~11-'s'-e~r_v_u_· _t_. 1..,.· _0...,...n 
and t:ti.li:l:<tt i"n '·d];t:-: ~'t!bli.::;hi1:5 C.:omr~my, 1951, 196J). 

Litt lt, 
211d 

:-t. D. :! 1~ri.:;2q110 l)i ;..-~lf,lre Bcon~·r.1ic:::, 

~d. (Oxi'or<l, fa1gl<~nd: r:Jarcnd'ln i'res:-::, 1~i57). 

J_,,,t.!.rl\Vit·,, :1. F., 'tTt:i J:. .. .. :3 tone~ "rr·. Pr&~ent E1~011o:nic 

:'lHd T•:cnnic t~ .• :>v1r1:~ cf ·;o;~.t:(.;· i~ec1...i11,1ti.on 1·1·0111 

S2_war;•: an··l ind;t.·•t.r:<·i Lt:--~:.~:-;, Techniral Bullet.in 4, 
I. E. i{ S.-:r. Yi, i::.-;::->n•: -~ tik1 !-.:·:?:!.oy: Fn.iver5i.ty 01' 
Cali fornj .t, s·1n .!. ~ :: r~- .i':i~r~inec;· Lne; R~se<.t rch Project, 
Mnrch ;;15;). 

L!.md, :i<.!'h!:·t F. (_.,->.). 
Ilandi•o<ik ( }.iP\\' "u ··k ~ 

lr1<111~trJ<~l Pn1.lu~,jor• Cc:1tr·o'!. 
~;sr~;-;1;..-Hi!l Book C.>mpany, 1971). 

.Mac.:nuLiy, ll. d. :;,_!:_'~_Ti:·:i_;_.7 . s,:t-,!~"idin~. and ne.-sulati0n:o; 
for~~'..!: i (1:1 {,_~1'.:_:_.Q_•:.:_:.:.•~ <. C ·:JH:?.:' ,)n, So11 th Carolina: 
Clem,;r:.r~ :..:;u.\ er.:-;:. Ly, \·.",.t ',r·1 He:<01.H'Ce!, I<cse<!rch 
ln~,; t,:i, l.cl.°Lf:! r ,;IU1iJ · lJt ')) • 

lJ:i• .. cu . ..;.:;r' •. :..!•Jr i~1.·. •;1,::t~ of 1Jol::..:.1tinu and 
_t.;01'>sibln r1~,0,u1_ .• ._ ·~-- w•.!:·11;;fi:,: ,;ucb <·:-: f.'Ao:-· o;- charges 
im1.iooed :.ipol! ,.-;;t::-;:' un!intci.-s. 

Magill, r. L., F. i\. Hn ldc'n, .md C. ,'\c.;kley. ll£ 
Pollutio!I !f.,~-.dh110~, ( ~·fo;.· yr,1'J.~: ;'-lr;Graw-Hill Book 
Comp;-my: J.rir:., , ') jf ) • 

( 
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144. 

146. 
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Sola:i.ble Orcnnic 
Chend_c~• l \\'aste ~: Cont:1·0], Tr,,..._·_ :1·1.-:~n-;_. Disuo~.-il 

{washi:!gto11, ~). r., A.[. 'J_i. 1:H.•'J). 

Tow;,;. rd ~1 CI C'an 1::11vironment ~'Washington, 
D. C •• i967). 

This reJY'l°!.-t presents tbe ~·t->,:;u.lt.i:- ot: a survey of' 
the mnrnbur::; o;_· th•! M<:nt~r, .. -:-tur .inc; c~1ami_s ts Associa t.ion 
on thf' control of' ai.r and "ater poll11tion and ~olid 
waste d;_sposril.. I>-•ta on •.J::d.;;~:on:-;, .?:f!luents, solid 
waste, n.xpendi~<!··,,·s, p••rso11ne:l, !ur~l consumption, 
and water 11s:-tg;.: ':re t~tbulai.ed. 

Marshall, A. Pri.n~iplcs nf E~on•)mics, 8th ('!°d. (London: 
Tl M m - • J c~ -, 9 -~") ) • ie c .:;_ _._ a.n c • , _ , 

Massachu~~!l: ts Hc.:i.J i. h Hc::ocarch In!-!~ i tnte, I1.c. .-\ Stnrlv 
or Sm<.!ll, COIJ!;>i.ct:(, :·I.~ xi nP, Ext~.:::.-led .:.erat.ion, 
Acti·.·Qf:l,d :.:;;luc!~~r' !·].,a.1;.; in ~L1;-;:.achi;'°'f'l.t;~, f"nr Ne"' 
Eng.land IEt'Jl. S' 'lt<- ~ tre.;· Pol.lu:.:i.•Jn Cont:rol Com.nission 
(Dost.on, !•'.;is;;a;.;111seL.t.:;, 1 ,iune 1970). 

Present;:; tlw l'•..!:::ntJ.t::.:: c·f -•- ::>T-l!dy l.o cvaluato 
the opera~ :i onal pro.:.:.•durc!-' of' ::-:rv11- l ac ti va ted ::;ludgc 
plonts, rir .. ~ i,<> ;,_••l in f·f't._,(,1-i.:c!.inr,· proµPr operation,,; 
procedur~:-: ~'or i~'_;;_h e;-..istill.g :tnc! futu1·0 plan-i;s. 

f.ln<?r;tt i ~ ,p- ;'>!<.n1: ra 1 f', ;· ::=med 1. , 1-: x t ondr~1i Ae rat j on, 
Act.:iv:tt;(·:1 :-\111d, .. _.,~ Tr·;:'-itJJH-'n:. 1·J.-1111.:- 1B,..stc11:, Mast;achusetts: 
Ne'h Erie lc:.nd ll1 t P rs t .. 1 t e ;;,, tc r .e.·ii l u ti ou Control 
Comm is s ~ o II , • ! u J v I 9 7 1 ) . 

Pi·esen t '' ;i t'.~cne:.~a l t-::uide fo.:· opcr::. i:ors of 
activated ~-lt.Hlgr- LredtmP.nt 1,J_..i::r;s dcsic·ned for an 
averae·r) d•dly r10 .... - of UH1.Wl~Clt 2,000 ctllO 10,')00 
e;all1::1s. 

Masselli, J. W., NjchulR~ w. ~asscll1, and~. G. 
Bu!·f'ord. /1. S:impl.i.fi.<:~1t;jnn of' T•·,.x1.ilB ;-:asL<~ Sur.rev 
and Tr ea t1:ic:11 ( flo:-; r.ou, J\J;~::- s<•<:iluso t 1.s: New England 
Interstate W:itcr Pollution Control C<Jmmission, 
Juno 19c7). 

• 

' 
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151. 
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-----' , and Control.ling the 
Effects of' Industrial Wastes on Sewa e Treatment 

Boston,_ Massachusetts: Now EngJ_and Interstate 
Water rollution Control Commission, June 1971). 

D~scusses factors involved in discharging 
ind,11,strial wastes into municipal sewei;s and 
methods of' controlling potential adverse eff'ects. 

-----' , and • The Effect of' 
Industrial Wast9s on Sewpga Treatment (Boston, 
Massachusetts:- Ne,- England Interstate Water 
Pollution Control Commis3ion, June 1965) •. 

Describes possible ef':fec ts of ind·.istrial wastes 
on sewage t;reatment systecis and methods of' detecting 
and ~ossibl~ eliminating the effects. 

-----' , and Whi ta Water Wastes 
from Paper and Paperboard Mill8 (Boston, 
Massachusetts: New England Interstate water 
Pollution Control Commission, June 1970). 

Deals with paper making mills and the ~ureas 
of pollution and methods of treatment. Includes 
a brief' descript.ion of' the pulp m<iking industry. 

McCoy, .J. W'. Chemical Anal sis of' Industrial Water 
(New York: Chemical Publishing Company, 1969 • 

McGauhey, P. H. Studies in ·Water Reclamation, TecL1ical 
Bulletin lJ, I. E. H. Ser. J7, Issue IJ (Berkeley: 
University of Cali:fornia, Sanitary Engineering 
Research Laboratory, July 1955). 

Water Qualitv Management (Berkeley: University 
of' Calif'ornia, Sanitary Engineering Research 
Laboratory, 1966). 

-----' and H. Erlich. Economic Evaluation of 
Water. I. A Search :for Criter:i.a, W'ater l!esources 
Contribution No. lJ (Berkeley: University of' ' 
California, Sanitary Engineering Research Laboratory, 
December 1957). 
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1S5. Mercer, v. A. Composting Fruit and Veeetable Wastes. 
Part I. Invcst1;{<ltion of Composting as a Means f'or 
n;sposal of' Fruit Wastes Sol.ids, Progress Report 
'{B;rkeley, Calif.: National Canners Association, 
Research Foundation, May 1962). 

156. Miner, S. Air Pollution Aspects of Ammonia (Bethesda, 
Maryland: Litton Systems, Inc., Envirorunental 
Systems Division, September 1969). 

157. 

158. 

159. 

Covers effects on humans, animals, plants, and 
materials; environmental air standards; natural 
occurrence; production and product sourcP.s; 
environmental air concentrations; abatement; 
economics; arid methods of' ana.lysis. 

• Air Pollution As ects of' Barium and its -----Compounds Bethesda, Maryland: Litt;on Systems, 
Inc.t Environmental Systems Division, September 
1969 J. 

Covers effects on human9, animals, plants, and 
material~; envirorunenta l aj_r standards; natural 
occurrence; production and product sources; 
abatement; economics; and methods of- analysis. 

-----· Air Pollution Aspects of' Hydroe-en Sulf'ide 
(Bethesda, Marylaud: Litton Systems, Inc., 
Environmental Systems D~vision, Se~tember 1969). 

Covers effects on humans, animals, plants, and 
materials; environmental air standards; natural 
occurrence; production, product, and other sources; 
abatement; economics; and methods of analysis. 

Ajr- Pollution As ects of' Radioactive 
SubstanceR Bethesda, Maryland: Litton Systems, 
Inc., Envi.ronmontal Systems Division, September 1969}'. 

Covers effects on humans, animals, pLants, and 
materials; environmental air standards; natural 
occurrence; production and product sources; control 
o~ radioact.ive pollution; location of facility site; 
air cleaning methods; radioactive gases and vapors; 
economics; sampling methods; quantitative methods; 
and air quality monitoring. 

A 

.... 

' 
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160. Mishan, E. J. 'l'he Costs of' Economjc Growth (New York: 
Frc-derick A. Pra~ger~ Publishers, ~967) • 

161. 

164. 

. 'Wel.farc .Economics (New fork.: Random House, 
__ 1_9_6_9) • 

Morse, J. W. , 
'Wasteti on 
Vermont.: 
1969). 

anrt P. H. Fl<:!nders. E'ffects o:f Industrial 
the L!>t-,t"r f'.onnecticut River (Montpelier, 
Vermon~ Llepartment of Water Resources, 

First ir.. a snrit::s of' published water quality 
surveillance reports. 

(The) National Petroleum Cowicil. Environmonta1 Conser
vation, The Oil and G.:is Industries, vol. 1 
(Washington, D. C., 1971). 

An industry repo1·t on the ef'i'ccr.s of the oi1 
and ga5 indu:;try'3 ope.cations on -che quality of" the 
environm~n1t and problems encountered and actions 
tak£"n to reduce pollution cau::;e<l by the oil and gas 
indui:;try. Fropo~~s public policies concerning the 
oil and gc.s larlus1 .. ry. Chapter headings: Tre 
Requirenient:3 f<.:r E.'r;v:ir·onmental Conservation; Law 
and Hegulatory Policy; The Futtdilrnentals of Industry 
Operation~; Exvlo1~lion and Production; Ref'ining; 
St.oragc, 1'ransporta1.ion, and Mo.trkct.ing; Major O.il 
Sp]lls; Tha F'undamontals of' Product Use; Mobile and 
or~-Hi~1way EquipmAnL--Fmissjon~ and Trends; 
S 1;ati0Hary Plant::;---Eaoi~~ious ;:aid 't'rencis. 

Nat:i.onc•.l Hesear(·h Council. Airborne Asbostos {Washington, 

D. C., 1971). 

Abatcmen1· of SuJ.rur Oxide Emissions £rom 
5tationriry f.:on:bu~;t-iun Source:; (Washington, O. C., 
February 15, 1)70). 

Reviews tho prnblcm of increased sulfur dioxide 
emission::; bro•.1g-h t auc;ut by JncrQa secl demand f'or 
electric po""'er' and suceos t.s possible mear~s or 
roducing theso em i.s~dons. 

( 



166. 
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_____ , Committee on Pollution. Wnst.c Monagem<>nt 
and Conrr.,l, .:.. U"pn~ t tr:· tlw Federal Ccnmcil 
f'or Sc:i(H\Ge and T~chno 1 ot,ry, l'ub!.ication No. 1400 
(Yashington, l>. C. : N>:t tionn l :\.cadcmy of' Science~, 
1966). 

Nationc.l Tube rcul.o.s is and Hospira tor".-' Disea:::e Association. 
Air Pollution Primec (Now York, 1969). 

A 1;iy:nan' s introduc Lion to .--.j_r pollution prob1ems. 

168. New Ens·L:ind I11ter~tar.e Water Pollut;inn Control Commis~ion., 
Teclmica 1 Advisory Bo:1rd. Guido~ f'or the D9 s if-m 
of waste\¥.:tt.cr Treat111e1n Wn1·ks (Boston, Mcissachu::ie-t:ts, 
Jll!lf) 197 1 ) • 

~iscussos curron~ practices and requirements 
in tho design nnd con~t;ru1Ction of wastewater 
trea tmcnt i..~orks. 

169. Nigam, A. K. ~omprehm.s.i.vc Studir:•s o:r Solid Wastes 
Manacom•.:nt - OfYtinnl ~C:i'.J.te·:~<:·:-> tn C<lp.:..r.ity Expansion, 
(Berkclpy: IJni vcrs.i. ty uJ" C.d. iforni.a, :..~ani ta ry 
Engineerinf~ Re~~arch Lalwrai.ory, December 1970). 

170. Nuss, G. R., A. J. D<lrn.:i.y, .Jr., arid G. M. F'<1r<l. 
Environment.11 Po:i luti nn Cnnt.1·01--,\ :=)r;c:n.e-of-the-Art 
Revif,._-, Jo'in;Jl Hepn1 '-, ;.mJ !'r-ojcci. No. 299-!J (Kansas 
City Mis~ ... our:i ; ~·irtwust. I•esear.;h Institute, 
November 1966). 

171. Olsen, D. A., <111d ..; • L. H .... },,.::,.;. A.i r l'ol:i.t.c.i.on Aspects 
of Ore,-ani c r::i rc- i_no;~<1n :-; (Bet he :5da , .M•-1 ry Ltt1d: 
Litton ~yt.terr1s~ Jnc., E11vir0r..urent:d Sysl..ems Division, 
Scptembo1· I ')'19). 

Cov~r!i uf!'cc ts on humans, anL1::.t.t s, plants, 
and materiaJ_:;; cnv i r·ornn~nt.~t.i. <.rir s tar~cL.1rds; 
na~urt=tl occ.urrnncn; pr·.)<1u<"tion anrl product sources; 
onvi1onrncntal .:ti:!: co11coll!:l'ulion~•; abat':!m~nt; sampling 
methods; e.\. trac l...i.on mctho<lti; sep<.i.ra Lion; and 
spectroscopic <'lti<.tly:;j.s. 

172. Olson, M. 1'hu Lof'.jr, nf' C(11.lncltvo Actil)Jl (Gjmbrid~;e, 
Massachuse 1, "ts: Harvrn·d Uni vcrs i. ty J'ros.s, 1965). ' 



173. 

• 

174. 

175. 

176. 

177. 

178. 

• 179. 

180. 

as -

Ontario Water ifesonrccs Commis::;ion and Quebec Water 
Board. \fritp,1· al it·.- ancl lt.s Control in tho Ottawa 
River, vol. I Ontario, 1~71 

Included in the ta!.>Je of content.s are: Basin 
descript.ion and re~nurco ase, Water Quality Problems, 
Water Quality Control, Atlditiona.l Studies Required, 
and Summary 01.· Finclini;s from Previous Ottawa River 
Pollution Surveys. 

Organization for Economic Cu-operation and Development. 
Dovclopmnnts in_ Desulphurif:~ition Ro.search on Fuel. 
(Paris, 1971 ). 

R~viewd factors influencing research policy 
on tlcsulphurisation, describes clesulphurisation 
processes, as well as those for removing pyrites 
f'rorri coal, and dJscu~scs methfJds of assessing costs 
of' de~ulphurisation proce:-;ses, 

Environmcn1. Pol ir: in the OECT> with S ecial 
Reference to the Pror;r.imme on Water· and Air Paris, 
1971 ) • 

Governmental Rc~pon~ibilitio~ ~or th~ 
App1ic<ttion ;in,1 Cm1trr1J <'f Tf!Chnolo;•,y in Rl;jlation 
to Man's EnvJrnnmrmt (~Jari.s, ';71 ). 

~anut>.l or T11ch1:o:t.rial P1·0 ·ect Analvsii-. in 
Devo.lop.i.ntI_ C01.1ntrie~ P;~ris, \'Ol. 1, 1968; VCJl. 2 
by I. M. D. Little and J. A. Mirrlees, 1969). 

ModoJ :3 for Pre<li<: ti on or Aj r Pollution 
(Paris, 1971 ). 

Discusses the uso or models Jn various informa
tional applil~<".l tions and the need t'or improving the 
capabilitie~ of air polluLion models. Describes 
similarities amon~ severQl currently used models • 

• Pricri ty ProhJ P.ms in ·~""tar Mana omen t Ro~earch 

in Southern Europ(:<H1 Coui1 t rie~ Paris, 1971 

~..r:ress H 
ground Mcasnromr)n1. 

orf. on t..he F,x wr .i men t in Back
Pa 1·i s, 1971 

( 
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181. 

182. 

18J. 

184. 

185. 

186. 

187. 

- ·: 'J -

HepClrt c).f ~ati'>1Y1lJv DC'si;;n~.teri Exn<>rts 
on Eutrophicati.un C.m1r•;i_ (Par·is, 19·;1). 

Provides :\ ecneraJ ovrn vie··· (.•f' the 
eutrophica ti on pheno•11e;,on and l~av icw;:;. the 
conscquc-nc•:s of' (iutrc~>h:r·:i.tjon and mE:~t:11ods 

of' control. 

Report on Currnnt lh:,.,n:-tn:h Work on Particulate 
Air Pollutit~ll i H i:hP Si.!'.•'! H;.i11c-0 l1cl ot-; I 0 Mic runs 
{Paris• 1971 } • 

Re ~nrt on Pr0.se:nt ;1n<.l F·nturrJ PriOl'i.ties in 
Resnarch on E1'1'ec 1,s oi' .:u r Polln Lion Pari,;, 1971). 

SciC'ntif'ic Ftmd.tmcn1::1lf-5 of tlw Eutrophication 
of l .... "lkes ~tnd FLr1w:!?1f,' ~;Jt.r:!·~. ~-it.h l'<-ll'~.ic-•:l<•r Hc.fet·encP. 
to Xit.rr> en <t!td rh••;;phor:::~ as 1-·;2~1.oJ. s .i.n Eutrophication 
Paris, 1971.1. 

Tcc·hnic;d_ Prr,h1 •HH!" i.n '.'le~1!-'.Hrement nnd 
Monitoring; or .' . .ir Pcl.iut.inr; {!';tri~, 1971). 

Examines the m;tjor cll'Cii;'; or ai!" poJ.luti0a 
abatemenL, problflm~ of m·ctsurement of pollutants, 
and dc~crib3::; nrPr,1:..; nr c!E!f"icienc),. J.n t:echrtical 
capability. 

Wat.or Cro11 ) - F Jr st 
Rcnort, l'Ju'-J Pnri..=:, 197 i 1 • 

Descrj_lh:>S tt:c momber~!dp i:lW.1 p1 .. 1·pose of the 
Water Man.:ignme1u; Rescc...1·~h Group and pr·cs•~nts a 
smnma:cy of j_ t:; pr ogre~~. 

Perloff, H. 5. {od.), Th"~ (}tFd.ity of the 1 J-.~ 
f-nvi1"-'lU.l0!1t.: E:-:::;;;y:=; nn · :\<n,· Hn~.11urcr?s' .in an 
Urban Ac;0 (Ba 1 t:i :iwrc,, :'-ia ry .l.ind: The John:,; Hopkins 
Press, lnc., 1969), 

Contains ninF: l'e:;e<:rch paper!- dealine with 
variou~ <H;p,~c t!; oi' the <.mvironnic~n t. Somu of' the 
topics inclwled :.trH: polluti.on, open sp<1ce, 
transport<l ti on, land v~lucs, c. i ty location ;.ind 
size. 

.. 



188. 

• 

190. 

19 I. 

19~. 

193. 

194. 

- 67 -

------' t~. S. Dunn, Jr., E. E. Lampard, and 
R. F. :.1ut.h. Hcrion:.; 1 Re~ourccs, anri Economic 
Growth (LincoJn: ~niversity or Nobraska Pre~s, 
196Q"f:"" 

A Si.Udy or reg i.onal (.'CC'·nomic and population 
development in t.hc t;n~ ... eel StQ te~: llli th chapters grouped 
into f'ive parts: :\n 1list:orica1 Review of Regional 
Economic Growth; A Fr::.mcwork 1.-r Ana 1 ysis; Uegional 
Economic Deve!o~9enL 1 1870-1950; The Ru~~onal 
Distribut.ivn of h,;c.nomic.: Ac t_i_ vi 1;:i.es in the United 
Stal.cs, ~9J9-195-'q :.ind Varic..tion.5 in Levels and 
Rates of' Grow1:h of' Pc·r Capita Income. 

Pigou, A. C. 'f'he Jo;ccnomics of WeJ:farc {Lnndon: The 
Macmillan Co., I ~46). 

Pitts, .J. N., Jr.~ awi 11. L. ~ktcalf' (eds.). Advances 
in f;nvjronmontct.1 Sr-!.e11CP.~, v0l. 1 (~ew York: John 
Wiley &. Son~, lnc., \oi .:..lcy- ln"Lersciencc Div., 1969). 

CC'ntain~ nlrw art.icl e;:; conce_rnAd with some of 
the sj c;nif'ican t pro'b.l.elils caused by man's impact 
on the cuv i.rotunen i.:. 

Reder, M. Studie::; in tltr: Theorv of Wclfa:-e Ecor•omics 
(N~w Ycrk: Columb:i.u IJnivArsity Pn:1Hs, 1947). 

Re!:iources fur ti.n f'utur(~, Inc. Aunual Report, )~ear 

ending September JO, 1970 (liashirigt.on, D. C., 
December 1970). 

Richtlinicn, V. D. ] . ik~triction of' Emission 
inoral-Oil Hl;fj no 1·.lcs, 1 ran::;Ja ted f:-om German 
Watihlngton, lJ. C.: Nuti.onrtJ Scionce Foundation, 

May 1967). 

Provides nn explat1a tj on of the cauf'es of' emissions 
o~ du3t and gasc~ by mlnoraL oil ref'inerios. 

Ridker, H. G. Economj c c:,,~t;s of Air Pollution 
{Now 'York: Frorl(al.Gk A. Pracger, ~t.<bll..sher, 1967). 

Robinson, Elmor. Cr.itje;;;J !-l:-1.t-twmatjc'1l Evaluation of' 
Air Pollution 1:onrnntr·<1t.ion l\lf1dol :inc), SRI Project 
PSC-7~85 {South l'CJ.!;aclena., (.;(:J.lif'o•nia: Stanf'ord 
Research Tnstit·1tr., .J umtary 1970). 

( 



196. RosE!', J. 'iec!uwl uc:-i.cal Tu.iurr (London: Gordon 
and Brc<tc.h Sci~ncc Pl•bii!'her~~ 1969). 

Gontain::; ;~ L·ollnc1.ic·;~ 0f" paµr-1·s on ait·, water, 
and radioactive po.llu-:.ion. 

197. Ros::;, R. D. :fndu~tri.a] \\.1~;,c r•i:::po::"-<ll {'.few York: 
Reinhold l\;iok Corp., lfloK). 

198. 

199. 

200. 

201. 

202. 

20'.). 

An in trouuc i:ory t~=•t~i n<:>er i.nG b~:xt tJn indust1·j al 
waste rlispu~aJ. with the fvllow·!_n~ ·;hapter titles: 
The P1·oblem, k":•.ste G;-1.s T:.'•.:>dt.ment, Waste Liquid 
Treat-m;;>rt, lni:inQr=J.li0n, Final !Ji;,;-;·"Jv:>aJ, il<-1clioactive 
Wasto Management, d.n•l _-\j1 un<i :~at.1o~r Pollution 

Uogulations. 

Rothenberg, J. F. ,fhc M"~l'H.: .. l"~:ment of SociaJ 'WeLfare 
{Englewood C!. i 1·1·s, Ne.,, .iorsey: l-'r·enticc-Hall, Inc., 

1961). 

Samuelson, I'. A. Fntrnd::.tion.i:; of' Economl.c .Analv.si::; 
(New York: At;he:at:Jua:. 1 ~6'}). 

A class·:_c w~rk _n '~conomic <tnalysis. 
a chapter on welCaro econonics. 

Contains 

Scltovsky, T. P~oer3 Nt Welfare and ~rnwth (Stanford, 
C~-i.li1. : S tan;~.-_,r-d ~Jni 1 ·orsj ty Press, I :104). 

Scott, Anthony. 
Con~ervation 

1959). -

~.fatur·al lh~:ourr.n~: ·Tue Economics of 
(Turonto: t~l~er~lty of Toronto Press, 

Semrau, Kon L''ld T. F~·<t :-; it• i l 'tv S 1. wi •,.· of" New Sul :fur O.;ide 
Control P l'O''.£·~ - . _!'or App Ii ·.::<t ~, i_(•ll to Smelter~ and 
Power PJ.a11t.~. - ;;rt IV: Thu \\'e.Urnan-Lord S02 
Recover·•: Pr1w~~==- ['or AppJ j_c ~i; i.••11 to l'r.>\\P.l' Plant 
Flue Oa::>es (r·'ir:al Jl;:op0rt), SHT Proj<':ct P?-!U-792) 
{Menlo Park, Cal: f.: StnnfrJJ·cl Research lnsti tute, 

1969). 

Sewell, W. R. IJ., and B. T. Bower, tl £!.• Foreca~ting 
the Dom-:-1r1rls for W;i t.Al" ( Otta•,.·ri_, iJntnrio: Canadian 
Depa1· t.;ruent of EnHr«;y, Mj_nn::>, and nasourc:cs, Polir:y 
and Plannjn1~ 1Jrani:t1, -;•Jog). 

Eieh1~ p.:.tpen; on mnthods o:f for~<:n.::;tjnff the 
demar,d :fo1 Wd ter, in~ Jud.in,; lndus tr 1 al demand. 

.. 

• 

.· 
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204. 

205. 

207. 

208. 

209. 

210. 

211. 

Singer, s. F. (ed.). Svmpnsium on ~he Global Errects 
o!' Envirom:hJni.a.l Polluti,,n (sp_rjn~C'r-Vcrlag, 1470) • ..-.;;......-..... .................... ..;.;....~.;....;,,.~-----.;._;_;...;;..~~-

Smith, F. ThP 'Eco:H'mic Thnorv of lndu.strial Wa~te 
Prodi.ct.ion Jud IJispo:-;al ll"npublishcd doctor's 
diss,~rta tlon, Depa rtmont 01~ Economics, ~orthwestern 
Uni vcrsi -cy. ) 

Applie,.; the ~ orn.:ept. of ma tu.rials balance 
to problebls ol' WiJSte rfi::pOSUl 0 

SC1llera, A. A. ~ i~ tho Earth (:!'iew Y1)rk: Holt, 
Rinehart and Winston, I11c., l~ll\J). 

Spilhous, A. Waste Mun:--tgl-!mc•nt and Control, Publication 
No. 1400 (washingt·on, D. C.: National Acad~my ot' 
Sciences, ~u"ttu·a.!. He~oJrch Cou11cil, 1966). 

Stahl, Q. R. Air Pol lut_!on Aspr:-cts of.' Aldenvdes 
{Dethesrla, Maryla!ld: Litton Systems, Inc., 
EnvironmentL.11 Syst.erns Dl\·is.ion, Soptember 1969). 

Covers uf'rer. ts oH human::;, animn ls, plants, ar.d 
materials; envir·.1umenLr.l <dr st'lnd<-.trdti; natural 
occurrence; procJu<- i: i.011 c>11d product !'i ources; environ
ment.al air concentraLil)ns; abatement; economics; 
and methods 0f annlysi~. 

A.i r Pollutj nn Aspects uf ChlorinfJ (Bethesda, 
Muryl~nd: Li ttou ~~ys tem$, J.nc., Environmental 
Systems Divi.::>jon, '.;cpternber 1969). 

(Same outline as for entry 208). 

Air Poll~~lnn Asoccts of Ethvlena (Bethesda, 
Maryland: Liti.:on Sys-coms, Inc., Environmental 
Systems Division, September 1969). 

{Samo outline as f'or entry 208). 

Air Pollution Aspnct.5 of Hydror.hloric Acid 
(Bethesda, Maryland: Litt:on Systems, Environmental 
Systems Divisio~, September 1969). 

Covers efrocts on humans, animals, plante, and 
materialM; nnvJronmont~l ~ir Rtandards; natural 
occurrence; production, product and other sources; 
and onvironmen~al air ~on~ontrations. • 



212. 

21J. 

214. 

215. 

216. 

217. 

218. 

219. 

:\i1· Pollut.i.on ,\~_.11{~r~t,.: uf M·.:r'CUr\- <!nd its 
Coruponncl-,, (Ikt.hosda. }l:·ryland: Li.tton fiystems, 
Inc., ~-nvironnt~nt .. l :iystml'!s !Jivi:::i.un, September 1969). 

Cover:; P.ffert.s on .. uman~, animuls, plants, and 
matori::i.l'>; c.•n\.·:...-·vi..lil:?••~~-- ~Li..;. st<~Ju.iaru::.; natural 
occurrencr1; pl: oduc i.;iuu ~im! product source.a; 
environmeatal u.ir concent.ratiu11.s; aoatP.mcnt; 
.&ud methods 01' an.=.t .l.y";is. 

Air Pol~ut·i.r111 AspE":c-, of ScJen:iHm and its 
Compo-:.mds ( i;c. t'1e~ctd, M.iry.1 ::tIJC!: L~ t ton Systems, 
Inc. , En vi rc.nP1ent<; l S:·~tcm;3 !.li vi~ ic;n, :-:;eprember i 969). 

(Sam~ outline ~6 for en~ry 21~). 

State of Cali f'orn : .. 1, Air ~oson!"res Bonn.I. A..lr Pollution 
in C:illfornia, 1 •;~.'.1n111a J Rn pnr1.; a. re pert t.o the 
Sta tc 01· Cali ~·ornj a ( S.:;.c:?"a!Hc:nto, 1 ':)72). 

Air QuaJ.1.h· and Emis;-;ions, 1963-1970 
{sacramf'Jntn, :\on-.nnb...:r i~J72). 

. __ 1_9_,,.6-9) • Emi.,;si.on lnv011tur~ ( S;:1 .. :::r ament:;, November 

JrnpJ.l.,ITl':n t:-i i· i_m1 PL·1n i'or \c:ld.•!Ving Amhieni; 
Air Quc:lii.." S1::nd;.;rd:=; fo1· ::-:ulfu,.. Dioxjdr.i in the 
Metropo1ii.an L<l:• .c\11~'-·cir::_, Ai.1' !);1.d.it'.· H('rion, :-i report 
to the U. S. IJe:;p-1::.-t;ncnt oi' !~•Jal.th, falucat.iun, and 
Welfare (sncramcn~o, 1°70). 

Th~ O;d.dcs <.ii. ~i. t.rce;;;m i.n Air Pollution, 
2nd printinf: (sacram~nto, Nuvcmber 1~G9). 

Describes t:hu typos of' n.1.tro;_;:on ox.ides and 
rep or ts on the uff'f:?c ts cr.tust:d by ni troc;en oxides 
in air pollut.;.inn. 

-----' Doparr.111ent of Water flesourcf)S. Wate~ Use in 
Manufact.nrin1•; Indu!';tri•~:-:. in CaJj fo:·nia (Sacramento, 
April T<J6h). -

.. ----=·=-~-=-------

.. 
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Stern, Arthur c. (~ct.). Air Pollution, 2nd ed. 
in three volumes (New York: Academic Press, Inc., 
1968). 

An our,standine collection o:f papers in the 
rield of air pollution control. «Volume I covers 
three areas; the nature of' air p1..)llution; the mechanism 
or its dispersal by meteorological f'ac tor::; and t'rom 
stacks; and its et'.fcct. upon plants, animals, humans, 
materiaJs, c.tnrl vi.5.ibflity. VGlume II covers the 
sampling, aw:ily::d.s, meusnrement, and monitoring of" 
air pollution, and can be used independently of' the 
other two volume,~ as a tl""Xt or reference on the 
chemical analysi.s or air pollutants. Volume III 
cover:;; four major areas: the emissions to the 
atmosphere :from the principal air pollution sources; 
the control techniques and equipmf..•nt used to minimize 
these emissions; the applicable laws, regulations, 
and standards; and th· administrative and organiza
tional procedures u.ed to adminiscer these laws, 
regulations, and standards. The concluding chapter 
of Volume III discusses air pollution literature 
sources and gives euidance in locating information 
not to be round in these volumes." (Author) 

221. Stern, H. I. Comprehensive St.udies of' Solid · ~ 
Management; Optimal :-ie1·yjcc~ Pol.ici0s for Solid 
Waste Treatment J1 C.1ci_lit.i.0s, SEHL Heport No. 69-6 
(Berkeley: University of' Cu.lifornia, May 1969). 

222. Compreher.si vc Stud:i_eti of Solid Wa ~tes 
Mana omen t;: 0 LJ.m~l Service Pol.ic for Solid 
Wastes Treatment; Fnr.il.it''• GHC 69-J Berkeley: 
University of' Ca liforni<•, Ope.:o..1 a tions He search 
Center, January 1969). 

22). Sullivan, H.J. Air ~-,ol.lution \i;·ects n.f Arsenic and 
its Compour'.d ~ Bet t.osdn, Mary .land: Li tr, on Systems, 
Inc., Envi~ onmcmtal Systems Division, Septer.1ber 

' 

1969) • 

Covers pffe~ts on humans, ~nJmals, pl~nts, and 
materials; environment~l uir stnnd~r<ls; natural 
occurronco; produ(: ti on and pr1Jd11ct sources; environ
mental air concentrations; abatement; economics; 
and methods or ~w:.llysi::.. 
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224. 

225. 

226. 

227. 

2~8. 

229. 

2.JO. 

Air Pollution ~~ne~ts of Asbc~tos (Bethesda, 
Maryland: Litton Sy~t.ems, rnr., Environment~l 
Systems Divi~ion, s~picmber 1969). 

(Sarna outline as f,r entry 223}. 

Air Pc.1llutio:1 .\~prct. o!" Chromiwn and its 
Compounrl~ (_llethc~::I~, .'~:l:yl.;:ind: Litton Systems, Inc., 
Environmental Systems Division, September 1969). 

(Same ot:ttline .i~ ror entry 22J). 

Air Pollution A~; ec ts of' Iron and its 
CoD1poun:::l~ Deihesdu, .Mary.land: Litt.on Systems 1 

Inc.t El1vironmen1.al Systems Division, September 
1969 J. 

(Same outline as for entry ~21). 

Air Pollution As •ect~ or Man nesa ai~ its 
Compounds _Dothe::d, .. , Maryl~nd: Litton Systems, .Jnc., 
Environmental Systoras Divi::Wn, September 1969). 

Covers ~ffects on humans, animals, plants, and 
matPrii=ils; environmental <1ir standc..rd~; natural 
occurrences; production and product sourcos; 
environmental ~tir r.oncentr<lticns; economics; 
and methods of' analysi:<:. 

-----· Air Pollt1tio11 Aspect~ of' 
Compounds (Bel.hesda, ?faryl.:ind: 
Environmentul Systems Divi!"lion, 

(Same outline as f ·r entry 

l'iickP-1 and its 
Litlon Systemst Inc., 
September 1969J. 

Air Pollution Aspects of' Oc!or011s Comi;:ounds 
(Bethesda, Hary] and: Lit ton Systems, Inc., .£nviron
mentul Systems Djvi~ion, September 1969). 

Cover~ ef'f~cts on humans, anjmals, plants, dnd 
materials; onvironmental air standards; natural 
occurrence; proc!uc t ion and othr>r sourcr>s; environ
mental air cn11cent1·atjon:;; abatement; oconomics; 
and method:; of an~lysis. 

Tax Fou:-u.lation, Inc. Pollut.i.on Conl.rol~: Persp~ctivas 

on tho Govr.irnmcnt Role, Hc.tiearch l'ul>lic~tion No. 26 
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'Willrich, T. L. 1 ·.tnd 0. r:. ~1.1itii. Ar;ricultural Practices 
and \i<1tf!!' C(i:a1it~ (Arn~:,,; Iow~ Stnte ljniversity Press, 
l970). 

Wil~on, .J. :-1., E. :'•· Twii;-,~, <ind:.. Krmil.~r. Comparativ~ 

Evaluat,jon of f!~qJ.u"ic>d l'\-p~ F<)r:d Processing 
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Pesticides: T!"xe Problem and Criteria for 
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247. .!nfo:-rnation A"-'-dlablo on Disposal of' Surplus 
Pesticides .Em t · Cuntu.iner· and Erner Situations 

Washington, D. c., September 1970 • 

248. World Health Organization. Air Pollution (New Yorks 
Columbia Univer~ity Press, 1961). 
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National Science Foundation, December 1966). 
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regiilations in thirteen countries. 
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"Control of Atmospheric Emissions from Petroleum 
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256. Anderson, R. T., "Governmental Responsibility f'or 
Waste Management in Urban Regions," Natural Resourcf•:> 
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257. Ayres, R. U., "Air Pollution in Cit:i_es," Natural Resourc~s 
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animals, and possible control policies. 
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~~---' and A. V. Kneese, "Production, Consumption, 
and F.xtornali'ties," Amorican F,conor.iic Revie1-"", 
vol. 59, no. ~ (Juno 1969), pp. 282-2'll. 
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social costs of pollution into Walrasian general 
equilibrium analysis • 

Bain, J. S., "The Technology, Economics, and Industrial 
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Bar~h, E. F., "Perspectives on Wastewater Treatment 
P~ocesses--Physica1-Chemical, and Biological," 
Journal of' the Water Pollution Control Federation, 
vol. 43, no. 11 (November 197;), pp. 2189-2194. 
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pp. 42-y~. 

Proposes that some~hat arbitrary standards of 
environmental. quality be est:..thlished and that a 
set of charges on wuste emissions be imposed that 
are sufficient to attain these standards. Such 
reeource-uce price~ are shown to have some optima
lity properties and other practical advantages • 

Bellis, I. H., F. Kol shy, '.lnd E. L. Wolf, "Legal Approach 
to Industrial Pollution," .'.!!ial Magazino, {June-
July 1968), pp. 29-J4, 
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267. Bethge, P. O., and L. EJ-..renborg, "Identification of 
Volatile Compounds in Draft Mill Emissions," 
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268. Blass, w. P., "Steel Mills for Develo~ing Economins: 
Tools or Monuments," Social and Economic Studies, 
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269. Blau, J. H., "The Existence of Social Vol.fare Functions,'' 
Econometrica, vol. 25, no. 2 (A~ril 1957), pp. 302-JlJ. 

270. Boas, c. 'W., "Locational Patte:-ns o.f Amer:ican Automobile 
Assembly Plants, 1895-1958," Economic Geography 
(July 1961). 

271. BoJim, P., "Pollution, Purif"icatior. and the Theory or 
External Eff'ec ts,'' The Swe!di sh Journal of' Ec•Jnomics, 
vol. 72, no. 2 (.Tune 1970), pp. 153-166. 

Dea 1.s with the chojce bel:we:.?ett taxation and 
centralized puriric~tion a~ meanA of controll.ing 
pollution. 

272. Bohr, L. A., "Steel Industries in Underdevelopec! 
Countrios," E~:onomic Dcv.-:lo mi::nt <lmi Culf;ural Chan e, 
vol. 1 {June 1952 , pp. 87-10~. 

" 273. Bower, B. T., G. o. G. Loe, and W. M. Hearon, "Re~iduals 

274. 

Management ln thA Pulp and Paper Industry," Natufil 
Resources Jour-11!!.!., vol. 11, no. 4 (October 19'7'l}, 
pp. 603-623. 

Describes th' major factor.-; which affect the 
genera ti on of' res.!.duals in t,he !Julp a.nd paper 
industry. 
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Mana~emP.n t," Na tur-al Resr~urcos .Journal, vo.l. 10, 
no. 4 (Octoboz 1970), pp. C>:>5-b6'j'. . 

Discusses the aspects of environmental quality 
affected by the reMiduals resultine from man'z 
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275. Brdruer, H. C., "Pollution Control i· the Stael Industry," 
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276. Brown, E. D., "I;i.ternational Lr..w and Marine Pollutio.'1.: 
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Radioac t.i Ve \ii.\s t.c :u1d I Ot.hor H.:i.zardous Subs tancos' 'n 
Natural He:;ources .Jo•1rn;;il, vol. 11, no. 2 (April 
1971), pp. 22l-25j. 

Prt:tsent:-; a roview of the r..iles of internat.1.ona.l 
law covering the pollutirn cf the soas by radio
active "'astes and other substances incl.uding sewage, 
herbicides, persistent in~acticides and 0tber toxic 
products. 

Brown, G. to •• , Jr., ::ind B. Mnrt "Dynamic Economic 
Efficif'mcy or W'a ter Quality St.andards or Charges," 
Water Resources Research, vol. 4 (December 1968), 
pp. 115J-i159. 

Buchanan, .r. M., "A Behavioral Theory of' Pollution," 
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Describes methods uso<l by a spucific producer 
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The .John~ Hopkfr1~ ~·ress, 1966), pp. 29i-~!10. 
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Sept!'.'m:.,.r ! )7 .•). 
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Rescar<·h Pro_liram~ on !~e,-~c.Lini,. ,;fld !Jj !'p<•!>.tl of 
Minoro..1-, i'fr:L:l-, •~1:J 1-;.,ere-.--b:..~,(!c: Solid \\astes, 
In:forin.:1t.ion Circul-t"!. b5:~9. ;. s. IJe_i:,.11·tment of tha 
Interl.or, Durc·'IL'. of :>!inPE (wa:,h;ncr<">n, D. c.: u. s. 
Government Pr.i1~t:ir1~ C1;rico, l'l'ji). 

SummariZE!'i r'G:-'e~'l r;h hy thu I'i.11 (!.lt.l of !-lines on 
the uti l"i.:zaL:i..oi1 ..• ml di...;pp~.al. or ~v·lid 'lo'<.<:31..es. Also 
contains an 11-xlm1::-ive P'~~·tin<Jnt bibliography. 

Knees e, A. V, , "Prri -Lcr: t i.nf; •:111.· En v :i. rr.nmEH1 t and Nd 1. ura 1 
Resourccc:: in tl;f' 197~):;," J.H U • ...• Cc.ng-rr3s:,,. House. 
Comm i t t c.: e or; rJ .:J'OI.· 1 ruat:-? • t (' p 1: r.:1 ;, ~- 1)TJ s • The f':n vi. ronmc n ta 1 
Decrtdo: ,\,:t.inn Pn,1•:J~~;11_ .. · f'or tl-ll' l\'70~, ql'..,t Cont:.• 
(WLl.~,hin[~t:on, !J.C.: i;, .,. rr~.venuuont P1inting Gff.i.cc, 

1970). 
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677. 

678. 

Larsf'n. H. 
QU•' 1: i ·. .. ,. ,':~~! i ! r ,_ ::.t tr~ :::lr•.i!:--, 

P1: b J i c · 1 t . t ·~: r i. '\ :. , • .-~ 1: - ~-.- ::: • J:r:·. j r· ·1~::,cr;l .:· .i il1·t11.ct:tio11 

. .\l_~cnc y '.' •)!' r: ~'"•! 1 ~1 ... ;. : r 
lJ. S. Go·:1.;1--:,c·'·· Pc;.:, 

'r .. '.-~:r.•i~L-3 (' .. ·•·:--:llJ&~;;t.:r!, D. C .. : 
.. ~_, ;.·; ;· _- !.. ••• :·, ~: ~-; .. . _··rr:l'< r l ~)7 1 } • 

Lofke, L. ii., ":-';·.--.c.--rc;f':..; :;1 '..:-1:.t ,..·,l~i .. (' ;.;.,,1<i,':'.t:!rn<:>r:.t :.H1d 
~eedPd J:JV<''·''~lfr:p·1~ '•" 'n Ii. 5. I'e1><~rt!<1er:t •)t· I!e .. 1lth, 
J:::-1ucat·it_l:~, :.nd w,::if~'"tr-c· .. 1"'1""0'".~{~•ll...!:~~ 2 Eic·1:1.h :~.nnuitl 

i-:n,~j l·'-1nn1•-~IlL·_·:..i. ~ .. ?tel l·.r~·1t ':]"' Fc~(:-tir\..:c:~ .Etl~it1PP.1-_•_11:r Cor1fer-

~1!£!:., 
D. C. : 

:\~·sb.'1.-.:l.lc~ ·L·,r.•·,.-:-~:·.~F-, )1.11:1· ·:-(>, :•Jt.Y ('.-:a::-hington, 
1· S. :-;.c1'l.-:;:,rnrnc::1. i·rjr,l~r:t.~ <.1ffie;c, i9{·o). 

MacKenzie, \-. (_;, Th•· F'J\\":~ .. ~'"";1,,!.,\. <•:H! .'\:i!' Pollution. 
Dcpar~:nent of H• ,:1.il•., LltH' ~! :vn, ,,n:! '.;elf';•ro, 
Puh.Lir· H!":t:.rh ;-)er\·~··,:, !'~'-·1:-=:!·~11 •.•f ,".ir 1~·>1.lur.i<~n 

( Wash:i nf.V'n, i; C. : C. . . Go'. orrnr.CI! t P.:- int int;; 
Of'f"icc, "iv\·(:mt·•:!· :..?:.:- • i'·i:°)~ L 

Mayer, M. 

D. (; . . . 

Mercer, ~. .'\ .. 

of' 

National J_:,;..:u;,: ;; .. i 
Mine Dr,• i.11 ~;.:.;;;:_ ( ;., 

Pri r! ~- i il('. ;;_; r .I cl'' 

!~rt::;-- l·n t. :-: .1 ,: 

problr..::n: Lr.,111)ll 
Cl S SOC i ;Jt,(;'] ;.·_; I J) 

; 

' .. 

,. 
~ . 

l .. , · 1 l ;_; i. i. ->rt t \..i~<.t s~-. i :1s•. ton, 
/1iri1.:n; .. · Oi'fj, F 7 ~1<:1'i 1965). 

W; 1_.:..te .He.'.11ct:. 1·ir-1 in Foo(l --------

· -~ -. ( t. · - :·I i .l ~ . , of ft), .·l 

u ; i. (;~I c '-'" ~ ro l ( .m.mr:il. ~cid 

~: ! p ri t; r,; !) ,. 
' . '.• . r;. ;-; . r,cvcrnmen t 

" h ... ;c r·y 1 '')i' I ) . 
' 

jr'i' ·-c!H>1:i<.)ry cf :.J;r, p.J~1u1;ion 

·'· ; .. ,1:. h~ .:.1.:. l~ .. ;~i:,:: .:-11· :ni:ie drainage 
ti;. r; p~· t .it_;_ 01? :if C o:d. minP ~; LI nd th•• 

National.. .Tnd;.i.-:t.1·: ''· J'-·.~_J1;; •. .,, C(\:11.:·••1 Co11:1cil. 

l'oJ l.uL1r:r!_~.:.i-~•...:..-'' :, ·-'...'.~~. (\1 t· f&j11:,~~.,,n, t:. 
T.J. ~;. Go·.··(·1:1.1,11·· 1';·;;,1:11:;,: :tJ'l'i1·n, h:i,n!.:1t·y 

J'.:ir 
c. : 
197 l). 

l'c~=::ifH\;. .: . .1 ~n· i ,. r· .... u •::!;. ;"' :,f' 1:J;0 :;c·,ur~n:-c., t:}•:1ra.c-
turJ ··; L.,.c :? , • .ir:.:~:u,·1:r,,c;lL"·, ;,11•i <·'·1·0,~r.:·-; of ':'t::iosphoric 

f 

' 
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6F 1. 

b8.?. 

68J. 

684. 

r 
686. 

sulfur oxides a.1d i;he method~ used to rn.dul:o 
pollu-t;ion h~ ~ult'ur o.xi.(i(.'S. 

An i.ma l ::)L-lll;;r1 t •::l'illf,' ,, rn.l Proe; e ~ .sj nc ('las llingt C•Il' 
D. C.: 1:. S. G0'l.~1·nm.::nt P;";.ntin,-; Uf't'.:ir;c, February 1971). 

J->resent.s ;: b:-'~"?f rev1ew .,f' tho pollution problems 
of' the mo-tt pa·;1.;__inc~ p<>ult.!·y, ronderinF;, and C'attle 
:feeding aw: huJc._-:111_: industr_:es. tho pollution c•Jn
trol P:eth0d~ u.:o;e·:~ and cost~ of' pollu1..ic,n control. 

De-:'!p Co.-·c•1r> D~!.:!!!!1:1e of' B<d ed Refuse (W'ashington, 
D. C.: l!. S. Governmeni. Printing IJf'f'ice, February 1971). 

Discusses t,1.-, pn.>blt3ms involved i.n di:;posing of 
refuse in th~ occ~n~. 

l''ertiJ lzcr-5 and Acri.::ul tural Chemicals 
(washing·ton, D. f'.: 1.:. S. Go'\ernment Pri.nting Ofi'ice, 
O~tobeI JCJ7J). 

Presur.ts u. br-ier survey of' (1) the fertilizer_ 
industry and i.t::> :;ollutiol! pr1.,blems ctnd control 
pr<•gr;1ms awi (2) the ac,_·icuJtura.l chemicals industry 
and its pollut_~nn prohlPm::; and methods of control. 

MC!thr)mat~c::1l ~lor!r?J,,; !'01· Aj r Pollution Control 
Poli cv Der:: if' .l 1 .. m-\!-'''--' '1L.:.: ( 1~._1sh1 nc,-t nn, D. C. : U. S. 
Governmont !'rint.u1g O!'fJc<~, Ye~1"uury 1971). 

t·f0rcu:::-v (wa~hinc;ton, D. C.: U. S. Govornm~nt 
Printing Off';_ce, Or.toter IS;71)). 

Pre::;e:it,; a ~rji:>f ~:ummar.1 of r;H~n~ary pollution 
problcHn::. :-:ncl the ;1t .. a.:i·me:11t. pr·1.1i:f1dures used. 

l'<:inc~r twash:nr·t·.Jn, IJ. c.: __..__ \ _. U. S. Government 
Pr in ting ()!'~"Jee, .'f<n ch 197 i). 

Presents <t Liri~t· :->t!ITIOlnry of the pollution problems 
in the p11lp «nd µrirr.:r- indu~ try an:.1 t!10 pollution 
contr1Jl methr).J~• usert r,:; the inu11st.ry. 

PJa~h.:s ~n Soli.i W<-iEi:') (\!;ishine-ton, D. C. 
U.S. Govornrn.::nt Pr·i.11:.inc Ot"fi..:e, M~.irr-h 1')71). 

Preb~nt~' a hri•:r' "1im ... ary 01" the pollution pro
bloms c•1u~cd 1,~- 1,1r:s~ti~:-; <lr;rJ 1 ho pr<'~unt and 
project(ld mf1<.ln~' ,,f p1.a:a1.ic ~olirl wu~>t.e dispobal. 
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687. 

688. 

689. 

690. 

692. 

6!)J. 

InJu:-ti ~<-::!_ ~ ~-·--i.in:_;. 

I'riut:iu,n; 1.Jr1·:-.····. ~'..iy- .... 1 \ 
I • _J. 

u. > • ·:~ '· \' t_· I' a H!lOTl f. 

Pre::;f,111 :=- " ,,•-i:;f :u1--,·L'Y ._;: :h.: .fr,•):_i p:·oce~:::J_ng 

iridtisr.i:-.. ;Luci <i-!=..')l;;1s~d.-~ ,;.>.:•~f:...itl .. )n :1·r·Jbl•'.?lll::: arld 
m~thol.i~: !•i' ,_..,:1 :,re..':. 

T~·(•a.t:-:i.-at. (\:;a~3:1i1l 1 ,•c,:1. ), 

Printiuc; Off Lee, rebnhlry 
._, • • t • 

11)71,. 
GoVPr1rn1~11r, 

Hub be r I Kt.:;h inc t. °'' · !! . C. : U. s. Gov""·rn'11ent 
Pr·intint~ Crf.ica~ ~)r:,t.__,J)~~i- 1')fi). 

Prc:~P.Hi.'., a bri .. r :;;1a:1mar:.r uf t!ie pollu!"icn pro
blems (;aUs»•i hy t.he ,,;:-:a1ut':.lc n..u·p j~1·! :::uL'~"rp1en t 
dispo~:ll of ~'1!bbur· v;·oc..!u 1 ·t~- <•n·l 1-h,:! cu1 rent con'trol 
and dispoi:;:, i. ii.<> ·_.r!nd, 0..1:,;•.:<l :in the ir,~u::. try. 

T!w Ch·~;'; i...'..::.:::.:.L_J:.:._•_J~l:...._'.rn:·l 1'-'ol l.1: t !.on Con1.rol 
(washingt1n1. J. I.: !- ~- .r;,_,..-i.!i·nmr:r:t l'r·!ntint; Ot'ficc~ 
June 1 "~ ~ ) • 

P1·cf' en!:,: 
bl•)ffl<'. j n -r:!:(· 

t•1-;ct· ,;;u•rwr:,ry u1 t!,r> pn.1J.11t.ion pro
ct1cm:ic«i. in•lu:-.~.:;: .ir>-i ~-Le i,0llution 

. ---D. C. 
Tho Fl•;l r-rj~·:.._£_'~"-l'r· 11•,:u!·:t;-\' ftt';.1.~1hingt•Jn, 

i;. :-::. c;,,,·•:r-11m1·.nt ;'1·ir,t.:in,~ <~i'1L<:e, Octobc~r 1971). 

bJ.cm::; in tliu (.·.~·:1.ci•_ 

ti~n c0;!tt·_;J r•i'-''-!in,i: 

.o·~nnn;;ry o! t!1c pollution pro
;.-_.-... _:[ ; 11 11,..::-- Lr:> :-H'.d the pollu

-~ sp,~ ·i:.iv : f11_· ~:.110~1s t.r:\ • 

D. C. 
1971). 

!Na ~ r. .--. I; 1 '.:.J"2::!.!::..:_0 _ _:~~1 
1 ; • ~--; • ~ : , • \ · i-' ,; . ~: · .. _ .. r : t 

PrP.:-H.;n•."' LI; -.,:,1:.·-,_.c_r,1: 

dj spo:;:, 1 of c,_,,., -, ix. t ·:•;p:-, 

r.i.·0;. '.~cl t:-. (wa:-.hing-:.on, 
~·?-..1.!.t;11.; '.~fJ_i(;c, February 

r i.hC ;l;,r, qf dt.!ep i.rell 
'" w<~-~L''! by ind1~stry .::i.nd 

m~:..keH rcr;.~r:11:H·r,C:.11. i •.a·-:. f•)t' '"1t1;r·" : l.!:oe.-i r·ch <1nd 
in':'-'°' tig; .. 1 .. i or;. 

. . 
I.'• 

_¥<t.~ 1_ (· ·~-· ,_,_._0_1_.fi'-'*-:_. _:_:_~..0 __ ; _,,_.., ('.~a ::;hi 1;r,-t or1., D. C.: 
; " .? • :. 1 ;:, l . ' . !I 1 'J 7 l ) • 

lli:-J.•t~;·,(: U:·. w ... ~;-.!-···:ar.-:1 1--,,;l:•u1c.ition cyc:lc, the 
jmf;~>rL:t1icc ol 1,,, r-i:1i.:nr,, :rir, ::<J:,r. ,,f wuter rono-

vaLi.un 'Ir!(~ ti.t: "'l'i'li' -,i.:nn:-: qJ ;·,:c·]<1imt·d ·.tat.cr. 

' 
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\\" -. t l' r .-. r" · - ... ( ''" ·- l • : n .T ton n C • r_r. 
----- • - \,. .:.,.__ • ·-·· ~) - ' •• # •• 

~overntnt.Hlt. Pri;.t.:nc Of"!.'J..;c, Felin.t<•rr 1~7!). 
-~. 

Pr0:'ents -'1 b:i,1f s~:r.:·n;-d·:.' or ·~he pollutinn 
probJe:r.i~;; ir. t.fi,-. fo.·l,St:. pru,lur.t.s .in.Ju:-<t.ry Jnc 
the pclllilie>r< ,;ontrcl methocl~ used by t.hc industry. 

Oree0n Stcitc ilo;L;·d cf H~;.,,!t.h. ')rce:on Sol.id w~,•te 
Man<.:.<!'cmen~ :-1!~, Pu})J.i,-:- He.tl1h :iervicc Pablica· ... .ion 
No. 2l1j. i_. ~~. l::;~v.i.ronmcat Prctectivn Af;ency, 
Solid \\".::-t:>t:~ ~~:.i:1a.f~·er.-:1JlH O: ficc (\V:o~~hingt:on, D. C.: 
U.S. (s.lYc::·nmet:t P .. <.1tiuc- O!'ficc, 1')71}. 

0·1;0J1ns, ·~., an-:i r:. Hei1~1anu. •,j!· Pollut.ant Emission 
Invent(\;·,· <'i' ~--<·1-tlt.·p:-;•. 1:irJi;ln:t: :\ P;·cLimi11ary 
Survey l!l:';o, l.1ef)~tt·tment. <.1:' Health, E<1tlr,1tion, and 
ifr-ilt·ar•.?, ~.:liu11•tl \~!· p,_,1.Jut1.•)11 Co.ntJ'•l Ad:ni11istratio1 
(Washi11~tun, D. C.: l!. S. Government Printing O.l:fico 
April 1968}. 

(The) Prcsic.Jrynt';> (oun-<l '.:ll J.<:nv·1r•..lnmPataJ ~uality. 
t'irst .\nnu~d R.:-r0r.l:._ ( \::.:;i);n;_ trin, D. C.: U. S. 
Govt!rnmenr h-i1-.1 int~ lit 1~1.cc, 19(\J _). 

SGts .lortll '.~iP .-;ir;11ific-..tIH environmental 
pro l:llem::; in rho IJn j_ 1 ~d ::=. l:' 1 • .-. ::.; a lll~ outlines 
rocom1:1enda!.i<>P:-' f<'r a •. 1_;_,,n un thl.• !'l:deral, stato, 

and local levoJ. 

Fn v.; r ,, nm•_• n ~~;..:.1.;.."..;;;J...::j;.;.· .:..t•''...:'1-.....::T...::t.:.;i.:;;;.~__;;S:;.;e::.~..;«~..;o;.:T~1 d:=-..;;...;;;\.11;.:.;.;n;.;1.t;.;.. ~ .. t_,_l 
Ropnrt ~~L,,!li;1:~1.u:1, D. C.: u. S. Go\·crnmont. Printing 
Of'f ic-e, ,,1icn"' ~ I ~17 1 ) • 

lt:x:an:.i.n·)S ~.~~e econ•J!l.:i t:'3 c,· .•.nr.. leg;d development~ 
in onvi1·owr...:nt....-.i. q;_;;,1ity; r•:.:'-'Lcw:: stat.u~ and trends 
in enviro:1mr~nta ! ~pi;t.: i ty •.l!d development~; describes 
env;1·0Pme11t<..d iJr' ... ~·lem~ jn the: inner city. 

(Tno) Prfl:;j dCJr; t' !· :=:c 1 c.ncc- ,\dvisory Comm~ ttee, Environment 
Pollution !'~ne>J.. Hl.'s1.c-r ing the <{ua l i tv of Our 

E . -t- (... l- . T) (, I' ,... ,. t nvironmr·h~ ~d:->.1!.ngton, .• _,.: J• .:::>. vovernmen 
Pr:i n tj ng. Uff ice, 'luvnrnbr~r l '.)i'15). 

"Prcject<Hl W;Js'<:W'i~cn· T1·.~;1t:11nn:; C•)Sts i.n the Orr:,anic 
Ch(.•mi.c..il J.rod11::;t[".·, II lll r .. 1. ~'edcral ~at.er Pollution 
Con!;1·0l ,\dn,i.ni.';r.rat;lon. Th<: co~;t. of Clr~an watnr and 
It~ Econ:•mi.c_J..:.s_~:_!_, V•°JL 4 (~·ia:-:liington, lJ. C.: li. S 
Goven1mcn t Pr.int. i.11;; Ort ;_ci.~. I ~lf;9). 
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705. 

706. 

707. 

708. 

. . . .. 
n~r ;:n,4 ·,.! t.•~ ~ ... 

J:",~:c,1_1('!t:·; i~c't :n•~~ ... !.~, :: .. !a~~ '-:-~ ~~~c!. d .. 1h11, ·f:::·-~ .. itor·v 
of !f,·,·.· . .i.i ·.i•"I'''i't In r·.c.:·.,• v:· !• 0 •.1·!;, ·;e1·ritnr·y of 
P;u,,;:.17~}. ;_·. :-:. "',·~-. ,." =~·-.!l_:_il, :·~!;iC<!t.i.•)n, anc 
\\'£,lf:::rt!, 1'•;Ll ~: Ht' 1~ ~i. :::.1~····.:..·:1.' l ~\:,si;:int:~OT~, D. C. 
U. s. :;n,·crn:ric:a 1'1·.!.!:~.ir•c •:::•!!~~··(, f1•;tt:cmLer 1955). 

T•,.·!1; ,! r-L<•l !},_,·,.cl opmr:-n1. 
ar:d P_.L_:·:._r_t __ L_·_•_.·_:i __ t ___ : _·;_r~. . , '* ~t_ .. -__ . .:.. ~- t!~,~: ~1 t of" ,. ,-.;nun0rc e, 

·i~:r: ~-,_.·:.:!f;:-:-·.· (\li:~!-;i!in::ton, D. C. 
11l'fi('e, l~·.'.iO). 

Spirt,as~ fl. and H. J, J·~\in. ~~h:.ra··te:·~::;1if:'s of 
P;:r1~icul ·: '.c P.! t: t·. rTi=" :..1..~.-i:- '!. {·_, N.\~ 1 C;\ Pub lien. tion 
No. AP-(:;i. t:. ::;, D·-~·.cr:.:1•:11i. l.!· !1e::;Ji,l 0

, Lduciltion, 
and WnJ.r.:rf_·, ~~·,•t..:.•:1.1: .Lr P1Ji.~u~i .. n Con•,r·o!. Adminis
tration (¥<::;;l1:i~1g·Lc•'~- iJ. c.. :_. ::;, Gi;v~rnment Printing 
Of'i'icc, ~!:-~i·ch l'.J";\)·1. 

Ab::u,ea:wnt Pt ··1,jn·· 1, !-'•· ..... .;.i ·-· "_!. :t ~ <;_:::u<iy. 
riiCtli.rt l P.r< .. l.(~': ! in;l ·\f_~(;J_;c~":.~ ( \.1ar:~~i!lt .. t·.1Jl, 

Governr!lenr Pr :;.n1·.i.1:i'; or·f"j { ec:. ~:8J•::crr;"f-,c;-

r • 
.) . s. 

1 ~ . t~ • : 

197 1 ) • 

Znviron-
lr. s. 

Turk, .\., J. T. k:t;P.:::, T_ •• rL H•.<kn€:r, ;;net R. E. Squire:o:. 
Scn~.;orv r:,,::i :~~2.'.:!- ._,;· f:1 c , .. J :.,:lr:.,u:»~ L'dc·~, NAPCA 
Puhl.icat::.orL !~·'· !.I'-r•O, ;::;. Dcra!·t.m1.?J1t. ot Ue:.:.lth, 
Lduc;1t;,t1a. ~:;u: ¥:.~1.Ci:·--., \'.;-tt io1i:1l .l.i!.' Poliution Control 
Admin:i.:;trr.t.io .. (:;<1.,;h·ngfu:•, :}. C •• U. S. Govurnment: 
Printi!lt;· Ot'f'iu!, Fe'.·,.::-1 try i970). 

U.S. C01~cro::-s. f!o:~!:. C·1:mr.i:,!.<=::n un Go•;,~rnment Operationf 
1 .. hc .i.'st~hJj,.;t:•··:i1 .-.t~ (· \"~·' ic·~:.1'.. Tn,11.~trial WastE: 
~;~r, ~~-7;~~~~-T~~-:--!:.in._;u•:\ 1 u. <:.: u. s. 
Go'\·e:rn::ient l-'rL11tin1'. ~Jt"J'ic;r-, 1970). 

~,-, -r •-·~r.J ! 1.i; i r111- - '' ''""":_n_i_r_;_.J..;.._._i_:l_d.__\_. r_,_1_-i,;_..h_,,_,_r_r._, 
Caljforrri.i ( \.,',1,.h:i1ir·.1 .. u~~. 

Print,1n 1 ~ (1ff.i..:r, ,'lo?). 
l). , .. 

\. .. . ... S. Government 

C(,nt·1tn~; f'.Oli~'l(!,!!".,bl·• dei.t;i. L'Tl ·...:,Ut:r· p•.illution 
in r~ntr~I ;H!<! \crth .. r·n C:1i.if•> 0 .-ii.:;. 

, Ci1111mj ;_r,c;-:o <'II :•ti-.-• il:1J1! ~·!.11 ,ru~ ;.s;d F.i:.=LerJo..,. 

nun:p; 11{', ": 'v,·, ~ --~·;.:...:._:_:~~~~-L, ~~r: r· i.' 1. '' 1 - }~i ( vla sh in1_:-t on, 
I~. c;.: !~ •. ). <; • ~~r·r!r::r,,1 .. l'; .Lr1t · r1.1;· ,,1·f·.i-.:r-, 197 J). 

t 
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Envirllnr1r~n!.1l D:tta Bank, Hca,..inu, ~lJ~t 

Cl•n;,:-., :?itLi S\..'.1::~., ... ~ ... ~··1.tl No. :l i-:!~> (Yi:t1...l:.~nc-t.~~r1, 

D. C.: T_;. 5. •:..iG'.:r:n!.J;1e1~t Pr-i·•t.inv, 01'!.'i.:-•.:-, t~iO). 

(\1';;~st~ini_~t,•tt~ IJ. ~:.: 
orr ii-::P., ! 960 ~ . 

( 11! p,-,1111! i.n;1, S•·rL;J ~v. 9 1-.'.i (W;:;shin;_~ton, 

D. C.: 1J. S. C:u,·..:rrii:wnt Pr-in tints ~JfTice, l9t;9). 

u. s. c.,ng1·c,,.:--. 
f;nvironm•~nt i·l,):"1. Be: r.~ntr)Il•::i ;ind !.1••\eJ .. •t•eoi'?, 

A Cullf.t<'f i..::.•r. or i·:~coq•ts -.n,_! Hibliot'T3phy Relating 
to the !!i;~h s.:h.,,)J i.J•..:bai.n T1..•f'ic, 1•no-71, (P. L. 
88-2'H:l), 'Ji.\ Cunrs., :?nd Sc-:-=:.;., Do,~ument No. 91-66 
('Wa::;hinc-::on, L- C.: t.:. S. G1)v,n-n111P.nt PriutinG Of':fice, 
1970). 

~ationa~ Em·s~;i-<>rl SL~nd;.ip~"' Study, Report of" 
tlw Ser.r·ut.<:t·~r ,.f ifc·.i.! t.;:, .Et:ucdtio11, .:lr1c! ~olfare 
under tliC' ·\ir Q11;1liry AcL of 19;:,7 (P. L. 90-148), 
9!st Cone-., :!nfl :'3('::."s,, Docimi"'rlt. ~io. 9T-6J 
(M'ashingurn, D. C.: T:. 3. 'to•:crnment, Prjntinc Oi':fice, 
Mar~ h 19 7 0 ) • 

!>roP;ress iu f:h·1 Prnvontirin ~nd ('1ntr·<Jl of' Air 
l'ollu~jon, Fi.r~'t. Her;••rt: of ~ho Secrr,tary of' He<;.lt:h, 
Education, and ii<>lfa.rc undei- Tlw ,\ir Qmtli l.y Act 
uf' 191:,7 (P. L_ ~O-i 1i8), ;)0th Cong., 2nd Sess., 
Docum!!nt ~0. ')O-y:: (ii<.J~hiui:;ton, D. C.: U. S. 
Government .Print.inc; Ol'i'icr-, .)uno .:?8, 1968). 

Progrc:c,,.s in th" Pre'-·e11tjun 3nd Cou:rol of Air 
Polltt1.ion, Second H~:port of 1he Siv~r.,,t<try of Heal.!h, 
FAucaticn, r1.11d Welt'r1ro, un<iur the Air ~luality Act of 
1967 (P. L. '}0-J•!H), 90tl! C·mt;., :~nd Se::-is., Document 
No. 91-11 (li..ishi.ll.'._,LOil, n. ('.: F. s. Go'.crnmaut 
Prjnt ~nc; Oft'ic~, .Jant1~•r)' l~Jt:,9). 

___ Tho Cnc; I ')f' C !c:111 Ai1~, First Hopc~rt of 1.ho 
Scr.ret<1ry or Hr·ali.li, Ld111::11.i0n, .:.ir:d Wolrare under 
The Air Qu;lliL) ,\ct of i 1)67 (f'. L. 90-148), ')1st 
Cone., 1st Sc•:;-;., ))(1':11mcnt. ~hJ, ')1-l~O (~ia~!iinc,t.,n, 
ll. c.: L. S. Cove1·111110nt l'r·j11t.in1.~ Ol'fi~c, Juno 1969). 
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718. 

719. 

720. 

721. 

122. 

72J. 

l~u._,_'.~l·~~·'i t_.L•-_:I1 _\i.r, .::ccr_u,i i'i .... ~1=n. .. ~1 .. 1.: i..ii' t.l1e 
S~<-I\. ... t ... :;'.\- :.;!' i!--~ .. ]lil~ ! ~1Ct[: .. Ji;" .... ;ic~ ~-f·if~:.1·c ur1d~r 

The /,.!_t •• :u..!1.i;.y ,\ctn; ")t./ (l'. L. ~i(l-t~;k), '.J'::>t 
Cori::_:. :- 1 Jlt~ :-=:.~~~ .. , Dt~C't··,~i·t -"~d. l/i-6_3 (\\.!.shirlF~--Lor1, 

D. C.: :3. '.;,.-,,c·r-~:r·. 11~ F: ':1 L '!::.~· •)f'f~c;·., Marcil :970). 

• 
_P_r_•_·•_,_1_.t.._~_:!_, __ ..,_._,_;_·_.\; r ;·,;Jl ! ~: t '. '.·•r1 : n 

0 t' CC• l U:'I 0 '.. ;1 · • 

_:·.;..r_H_'_._' l_i_-' t; ~- l 1: t \.' ( 
~'..-,} !1111~·~;~! ~Ji~} r h ( c)!li~-. !, ~,~ ... ~1~-'. r1t:, L•)Il, t•. {'.. : Li. s. 
G0Ye!'nii!1•;,t r'! ir.tinc l''t!J•.:r~. ·1~1rch tljr;;-}. 

l.!irtrH ~ 1. ~ fl'! V&l Fl ti' l i ·.· "-'~ OT .. k~.. r:r. t~.i ,~ 
Dj s .tu·<• t. :. ,., n fi!-',. ·; 1 1 :. r] i: ,. ! ':;;, l".i~.~: .. L.:..:.::_r_~ ~.:_: .!:2_.l_ C Gr. t: r o 1 s , 
921Hl !_:r)tl':,., .:3Pr·:_ :.!.. \t-:: ... (:·.·-?-~~ .·· ~ ~>~·-?~!~~t~t"'rt, D. C.: 
~;. S • (~ \ • v~ rr1n!t..: :-, L P: i. • ! r. i ii{~ ! .l f I. j r: t• , l ~' 7 1 ) • 

Tf1i:· l?!"·J:-:f 5<.t~~:!if.-: er Ef-~Hl~:il;,.!t' j,~;.,:r·-.LOf->ITlPT11 T_,O 

EnvirPnr,ir·nt.:l -.;:;.:L·L;-., ')i:,,t .,,::,,.;. !;...,::;h~nr;·tnn, D. f. 
lJ. S. (;u\·.-~rJP~~(::11_ ~-'!~.t~1.1n~: :·..:._f'~·.-~· :;;·:·:). 

U. S. Depar•.mcn~. of ~Je;_l!.tL, Erl;i:~at ~:jn, :;r1(: ~.<ifare, 

Burr•au oC D.t.s ..... a!",• f'rev·"ni ;,;r; ;,.~:d Envir<,tlli:e:-ital Control. 
Atmo3plH'».:i·; (1:;'.:~:--!."11 :·r.-·r~: t.l:;:· \i.tn;1:·- •. li:r·~ Tf Poi-t:lanri 
C~rn•:!tt, l'ubJi.c h•·:.:lrlt ~:?:-»i.:0 Pul;li.:-;,::.1011 >:o. ~''.J'.)-.:\P-17 
(wa~hjn~;tn11, :1. c.: l..". ~. ·.:.;c\l'rnr:H.::1i Printing Office, 
1967). 

1Jos~r1be::· '..hf, pro·.tL;C: 1, i r1n Of I'o('tj <Hld Ct!l11ent 
and p!'e~·~nc.'' cl .strn11n,1ry ._..,r ,1"v<: i.lat"1lP. informat:jon 
i::o:1cc;:·•1i11g :1 t:·•C!o ;>he r.i ,. <.:r:: i_ ,, ".i.<:·r..:-o f rf,m :.hr. mc.nn
:factnre of Pnr' .. L:nc! ..:.cme:nt to;.~ctileI ,,;jt;h currer!t 
control :;:cthods. 

----' Bure<~u 01· S:Jti.d l{;istr~ t.\;in.11.;umEt!t. l>olic.ies 
f'or :;i,l~d ~-;.-,'.;'..(• :·'.::n.11-, :;.~::·, i'11i,;ic Hc<!lth Scrvicu 
Public;it.ioil \o. ;~01::-\ (W.1:-;i;i11l~Ln1,, D. C.: L. S. 
Government Pr~rttinr: ur:-H:c·, 1:.1~·0) 

The "!1,71;k:1 f<~·t"!r:--· r:r111q·r:;0·-'.=..inn .~Yc<tem, A 
Prol.i.rn;.r.d!''.· i{'•;•1.•rt :.-.. fil.~ ·r.1~··:·j::•n Pu~1li.c 1.\orks 
A:-snc:i;it:i.cn Jfr·~'•·;·:·rh i-'<)llil•;:,1 'vtt ( '.1-1s!d.n.~t:on, D. C. 
u. S. Gc:;vcrr1m1>nl f'ri11t.i: 1;· t;-f1'_ico, 1:JG'.J). 

( w .. ::-1.iilt'.'f iJ;]. 

April 191_,(). 
l, • '~"''"! .. n111 1.•11 t, l'r· i.11 tine Off lco, 

' 

' 
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727. 

728. 

729. 

'/JO. 

_, Nat"ion:.l .-t!!' pq_:J1:ti•)t1 Co:ii.r-11 .-\dMjn}~tr-atic:i • 
. .\ir 1•0.1.;,,!!<JCi ·':...--<pp~t;:O •. :'at·;.::-<:,; ·Hld B"!·onzv SuH~ltit:(, 
and Hefini.:~lndtr;::;tr·:::_, '.'-iA!'C,\ Public~ti_(_.n ~~o. AP-58 
7

._....,s•1-ir1 ··t 1·· '1· ·· • 1' ' ··0·· 0 rn·r~n· Pr·'11• 1'11,- (')f'•·1·,.,.. \ "" • - , I .t f "> \_ • • ., • oJ 0 '.1 v ~ , !..,_ I, • J :,. . <'• ! . ~., ' 

Nov0rnhor 196~1). 

A st.J.t(;-c.:f ·thf·-.~rt. rev ~c~w :ind •na1.u::it-~on or 
prnd111:ti'JJ1 prL•c.:,~:so~ ,lf;.d .tjr pc.liatior. \:O!itibl 

pruLlei:i::< in 'Che br-~s:; .tnd b1 Oll:t:Ec~ i11dusl.ry. 

,\i::- Po~l~.:io.-1 ii. 'li·~· Cn1''.er~ f{oa:-;t:inc Jnrl.1.!s1.rv, 
?';ACC;' !'ul-1licaticin \c·. ')';'.i-Al-;-·-0 (w.isl!i!l!~·t.on, 0. C.: 
C. S. G•Jv,>rmuf.':l'- i'1int~HC O'.·r.:u:~, ~epLc;:;b:r 196h). 

Desc-r.·jbc,, r·rn;:c,:ses 1...L'~CC jr, .:of[ce precessing; 
n<:b1rc 2-Ih~ •~XL!nt t)f" di1 poi L..;Lic1a; ilnd i11r:thwi~ ur 
cont.rnl ling emi:->:"inrL-, 

Air Q;i;tJ · !.\• Cr J ti., 1·i ,-i ror CarbPn Monoxide, 
NA}lCA Pul.,licat:L'ill ~n. A.P-t;7?--t_\,~ .. t!--=l1t11t~1~ln, 11. C.: 
U.S. Govo:r-nn .• ;r.t. J>r:.nLi.ne (J1'1':i.c~::, Mar,.h 1')70). 

Discu.!'::;G~ c.:,!·bnn uw:1r;xi:L:: fO'l.lI:d i1: the ajr, 
its pr-oporrie:-;, •>t.:r:ur1'cr..c _,." <.i.n:i principles i::::f 
f'orm;.d:ion <and r.:n!tC~'O.! .• f'.:in:::idu1·::. 0mi:::isiOllS anci 
mua~n:remnnt:~ a11r! r·!'tect~' 011 \·c5et.i1ti•Jrt -1nd (.Jll man. 

------· Air Cu.-1liti- r:r·.i1eria f'••r. H'.·drc·c:ir.bons, 
NAPCA Puulica/.1rJn ;-:o. AP-r)~1 (\.i:hhivo11, U. :·.:.: 
U. S. CoH.irnmont. Pl'intinc: !1ff'.icn 1 March 1970). 

Con1;ajn~ <.t. reY.i.ew or tho c~wr·octer'isti<.:s 
of' hydrocarbon~, thei1· :c;our(·o~, c-ontrol mt:thod~, 
method:=. of' mea::;;.trine; co!,r.c .. nt in the ;-1.tmosphore, 
the re<J ct :i.(,n:, (Jr hydrocarbo1~::< ; n tho a tlii():" phcrc, 
and the ef'fPct~ 011 vcg1.t:c.1tjJJn. 

Ai!" < 1i:11 .i tv c;r ~ i a fGr Pa :·t i•:ula t~ M;i..!.1!:!.!:, 
NAPCA .'."Ju, AP-l19 Washin·~;ti;n 1 D. r;.: U. S. Govc:rument. 
Pr.in tine Vi'f' · r:o, Janu::u·y 1969). 

~ir (lu<:il.i tv r·r i.f.n1·i~)r f'l~ot,H_;1r;mir:aJ 
Oxirl<:ints, NAPCA P.ibJi1;;1t..jcm No. AP-<~') (i..=d~liinr:r.on, 
D. C.: iJ. S. GO'.'f;rrtm(mt Pr·jnL!.nr_; O.ffice, ?-brcli 1971)). 

Ex~lminr1s thP .idv8r!_,e etJ'ecr.~ of' ox1d:1nt~ 
cn1 man and the <•HvircnrTJont. 



7J1. 

732. 

7JJ. 

734. 

735. 

.-\:r Ct1;tli 1 '\ C;~L!-.r·!.: f:)t' St~lt:.~r •'x.~d~'!'s, 

N,\PCA Pub.:i·:dtio!: ~~u • .'d'-c,c;. l~ct,.;L.._nt:1Pn. !>. 1·.: 
U.S. Govprmut~at f'l·i:t'in,:-:· :JfJ'ic<c?, ._Lmu-·rr 1969). 

Re~; i .. ~~"-"' p};y.:;: ,·d l ,.,;d c i,. __ r:1' ca i.. ch.ir::i.r t erist i•; ~ 
of sull'nr O.Yi.de:", fh~c .. !:-,.<f's .'ir;.1lyt.ic<:il mc,thods for 
moasuriat.;- su.lf'ar oxi.•!•e3 ~!l ·~ii·-· .-:trnn~;nhere. and 
discus:3e:= thci.r 1~1·fect::: l'll n:«1er.i.o:i.s, vl:-:il•1.1ity, 
and VC'g<'1t<l tic>n. -\ l sn c-,_.:1s_; d~··r·~c~ i::.-.' thn tJxi .. · olce-il:al 
eff'ects on rn<;n an.: ";i_i:Pai-, an.~ :.he results of' cpi.dcmi
ologicaJ ;; Luct·i e::;. 

~~~fT!.:JSJ>li::_'!"i(' Er.ii.~--~ i 'JTl~ r·r·,_,;ii Iiv·droc~i1ni or! r~ 
Acid ~la1lllf't•' t,uy·j n;- !'!-,,,-,,:-;_'-'r·~, N.\l'CA Pu!>J i~_:.a ti.~1n 
No. AP-5.'~ 1l·:a:=:hut(;'<>11, lJ. C.: !_;.:::.Government 
Printinc· Of"fiu. 1 Scpi.nrrtb<>r I<)(;~)). 

This publica t.i.ori t.:; i,:•rt :)r .~~ SE'rie:-' d<:aling 
wi'th atm11s?he1 i·~ f!'!;isc:io;1s c:u..:scd tiy vari.ius 
chcmic11 m<1nuf.::.c tu1· J n,=:i; jl!'uc e::: "''"'s. 1 t f'r<_lVl<.i•)S a 
brier ovor-..·iolt.' or th.::i i:••1u~try, and dc:sc1·ibe::; the 
types of Pr.1j_s~jo11::: n.r..d. ,_-r,J!Lrol methodr. 

;,t;;i;o:c:nhi:::ric l-.m!:"~,!0:1:: frnr.1 Therm:1l-proccss 
Phosphoric ,~ '. j: l •1. • :i;, ! .. ,.~ t • i rr· , ;'; .. \PC/, .Publ .H. at lon 
No. AF-·!Hi ( ~-J;-;hjil~~t;un, J.1. C.: t: •. -3. Go\·0rnment 
Printing r)J"fic.u, O::t,)Lic1 1~1!;R). 

Atmosph1~rir:- Em i ~=' i,011:-- frcm W~t-proco~s 
Phos nh0r j_c :. ._; i "1 '-I;: n ;;. f, r· l 'In:' XAPCA Pub J. .i. ('3 ,_ i. OU 

No. AP-57 (w~~l.jnt,ton, l'. C. e. ::-;. Government 
Printj ng Of fie~, Ap•·i J 1910). 

Report on Llw ~-:.r·o" Lh , __ f Lhe wet-process pho.s
phoric ac j_d i ndu ~ t.ry, r.he 11;111ufi1 c rur J ng rn·occs ses 
used jo the i11.rtusir-f, t,he atm<i.Sj,hnric crni~sions 

from pl<.1.nts i11 Urn indu.,;-::r-y, and i:rcthud,.. of emission 
control. 

Cont·ro 1- T"<. h.1i<iur: !' -:frurn St:, t.; c.na r'. ::;0111·•·c.-,, 
fo-- C:trbon :0.~onux irin E111i.ss ion~ 

:\:/d;''.,\ PubUc<Jt.i<:n. No. ,\P-65 
(washirt[-':ton, n. c.: u. 
M-'lrch 19 / 1.J). 

;-_,, C0Yo1·n!'1ent Print.'ing Gffico, 

Summari>'. 1!:-; curr·cnc i.nf0[n~ar.j1J11 on tho sour-co:-; or 
carbon rnono:,i.dP i1nd tl1c nrolltf><J . .,;, cost~;, and cost
eff'cc Vi. vcr.e:.;;::; •Jf .- <>ntru l .L. 
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740. 

71~ 1. 
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\):·c;~!l.1.J ·· ,....;:_1 ~ ,.,:!l?. · .. '.lli.~·~~_:__:-'_'_l_~·v!·~ ...: , l! i 1..1:1~1!'"\ ~t.)Lli.t..:<·~, 

?\APC.\ i'uLl:ic..:.:ti.;·. \n . ..:\P-t•<-:( (»'«:SIL:t:~~:.on, D. C. 
U. S. c;ovi>rn111pnt Prjn1 jn;~ (1f'fi,:·e, ,N,-1n:!, 1~!/0). 

r'oar:r0_l Tl:,·hniq_U("-., for ~;i -croe-.~n O:.::ideE f?·rin1 

St<~tj:;n,:rv s-,.:l• C:". ;:_\PC,\ l'uu.i tc.·::Li.Oii '.'Jo. :\l'-67 
(washin;:r.un, D. C. ~ U. S. G.1vc-1·!1mn111; Printing 
0ff.ict:, ~-:,u·cli !~7U). 

PrE•senf·~ i..nf\lrJUCition <)Jl the !"OUT•'.l~S or nii:rogen 

Cnntroi_ 1+"'hnique:" 1"o:· Parti.t·uJ:,1:e Air· 
Poll11tant.:-;, NAPCA :\o. ,\P-51 (w;..::-;hi_ngton, D. C. 
lJ. s. Governmenc Printi:11_:- 0~·1·i·;c, .fan11ary 1969). 

De~r·r:i.l>e~ ;:i ~-.-J.clc r~tnge or control toclmiques 
applicable to a v;-:.,r·i..ety of p,.irtic:ulate orni.::i:-;ion 
problems. 

Control Tc;.:·hnjn1H'f' f:'!' :::>ulfur Oxide Air 
Pollutzmts, :\APC.-\ No •. -\l'-:J::? (l'-'ashincton, D. C.: 
TJ. s. {iovernmen; Print.ing nrrice, .January i969). 

Dcsc~ ri be$ d -w idn c:t ne-;c.• of cont r·ol techniques 
used f"or varj ou,,; 1_nni::-~; ion ront1 al probl~m~. 

Economic fr;1;i~1ct 0f ,\ir }'"llluf.ir)Jl Cnntrols 
on Gr8.y T•·op Fu 1T1:!:·v .l!::lu~<,;":, .:-<APCA PuL1 icd.tlun 
... , p ...., J I\ I . 1· nC. A -1 ·i \_ ,.t;,-; 1lllC LL•n, [>. c.: ·-'. s. Government 
Prini,j_ng OJ f."jc:c, ,·;vYt!lllb+r !'J7(;). 

Iceut.!i':i es t.h;• co'°'t ~ ilnd assos~e::; thP cc on om i c 
imp::1ct Of Ct•ilU'()J J i.ng C:til' poJlut.i_O!~. from f;r::ty 
iron fr;undrie ... 

A Comprch011:-< i •;n :-_)1.a1tn:11i 1 

PubJj <>1 : . .t•)lJ \r". 'i> 1)-,'d'-J.5 
U •. -3. !~over:•mf•nl. l'ri.nr.ing 

(\;a$!11.n1~~un, D. 
u r r i c" = 191~ 7 ) • 

C • . . 

-----·- Ut.,!Q; Pn• . .,.,·,r p;;1nt F:"f'lu_!.'llt :it.i:dv {LAPPF.S). 
L. Jt~. ~-1einez."r. .l.!:..!..~.:.! . ...!l'.~1er~:~J~!..>.i 1-':'url:rhtr't;:-=,. ~:rid 
~ 1 al-;11~:_1~~ ( I ~Jl;K), •:n J • ·:nd /:". , • ~-:;c· hi ern1c inr'. 
In:~t1111n,_·11i "i~--1'.£:..'..< . .::;rlur~:_i. __ ,,nd D:l1 :1 'f;ih11.l<lt.i on~ 
"'{1967 ;md l')ti'.J), ,,_ii_. ~\.';1:-hill~;i.'•Il, f). (',~ U. :':i. 
Govcr:imollt Pr.u1tin1: (Jft•'~';' 1'.Ji'U). 
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Em i ~ ~ ; on ;.; • ':' < ·"' , 

\~ashint_'.:ton, D. 
Of'f'j_cu 1 ,\;11:5u=- t 

.~: . : l'. 

.. , _.,: 9" f"'.-, ~ \ >I • "I-~ .f.-
' I ... J/I,.. ... -~ -· ... L .............. 

:_1··:. ... !! ~.;'-l· _\}l-7J 
•.;n\"e r·11n.~~11 t ~>r l.tl t itl(.~ 

E~;t im;! re:::. c-m.i~:' iOI'!· 01' ,-<1rht'l1 mono:: idn, sulfur 
oxid<'s, 1i.trr.i.cuL1tes, nyd;.-·o·.'iLrbcn:o, and nitrogen 
oxidP.::; wiLh t.rend~ 1·0r l~1bu Lhrm:b"h IY6~. 

P1·01;~e ,:;.1;.i"- c•, .iJ !.<•.! l111inn Cnntrol 
Act.i·v_i_ti_p....;. in F'.·l·i.. .. ~t--11 1'1"t!n~.: Jr:~_:. 1·; :·:-~-\.<;~r 
Rep<'rt, 
D. C.: 
1970). 

~:i.PCM. i·ut-1iC"<!:,i11n \\j, Al'Tu-•'H,•J I ( \-1;.:t::;hinf~~ on, 
t:. S. l~o,en1ment Pri11t;n{~ ;.,.H·1·i.cc, ~-iovember 

A rP.port of~: p1·eli.min~tt-,• ~t11rly to develop a 
pro.file Of <J.i.r pol}ul!.':II ~--ullt:r-c) Z"Ct1'.-itjus in air 
pollution cont_;-,)J <t;_·orwie:=- in .\ustr·i'i, Bel;;-ium, DBnmark, 
France, Ge('muily, Cr(:clt. I<r:t<•;._n, I1,aly. ,T;_1pL.1n, Nether
land::,, Norway, s ..... dL·n, ;.).,,·_i.tzcr·L,;ici, ;)I1d c. s. s. R. 
and in in•_ernatjo11.:.l o.t't_:"'l.ni:t<tr..i.0:1:,. 

Sonrc.~s of' Pol'nnu'lt.·ar Hvrlrora1·bon~ in the 
Atmospltere, ~:\PC.\ Pub;_;c:it.iull ;,;,~. ~;'.J9-AI'-'j~l (t.«1shington, 
D. C.: U. ~). C<Jvn1nmcrd: f'r i.ntin?;· O:'firo, 1967). 

Pre!:'t>nt:o; tile re:::,1l L!'.> of <t;-i exscnsi_vp survey of 
pot en tl al :3our;:€-'.'> rd· pol y;1,H. tear h}drocarbons. 

Tall St.1c;.;,,, V;..Jr.i."t<.:< ,\~rr:r;:;phe1·ic f'h£:nomena, 
and Hela tod .\sp .. c t"', "ir\Fl"i\. Pu rd Jca r. ion r\o. APTD-
69- 12 {Wa::;hu:r;t,m, i>. t:.: F. S. liovenw:ent Printing 
orrice, M<ly 1~69). 

Dii-cu!:-;Se~ di-;per:-;iun fror:t tall !.:>t:i•:k::;. 
Also contnins d b1~liLgraphy with 214 ab~trncts. 

------· !';'ation<tl. Cr:nter fer A.i.r Pollution Control. 
Atmosphpric !::mts~>Jn;;~, f:·0r:, \jtr·i::; .-\1_·i·'. '.\fanufacturing 
Procc;i;,;:;0:; 1 Pub.i .. i, '.[f'.,; t.h S•H·v:;._1:e Pub1.i.cat.i.on No. 

999-AP-27 (w.:.i.!'>ltin{',l:•.:n, D. (;.: Ti. :1. Gover~ment: 
Print in~- Office, 1<j06). 

----'Public !lec•lth :;ervjr.rJ, .\.~r Po.llut·irJn Measure
ment.!- of tlH! '·!;•rior.nl ',ir· c.;'.'..1.~ 111( N·;l•.,r:Ji·k--An;,lv!.;es 
of Suf;pended Jl;u·ti"1il.:L1::'. ,,,~,7-:91;i_, Pdbli.c H~alth 
Service l'11l•l1r·,1ti"u No.)'/;'~ (\•,'<..1~lu11gt.on, D. C.: 
U. S. Govc.cw11enl. P1·iHt.i11;• l.lfti .. e. l'.)rJ2}. 

I 

{ 

j 
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' 
750. 

75~. 

7:JJ. 

755. 

~< ... 11.·.~:-~111"~:•1.:1;, :1tt<! C<;11 ~ i-o l ------
=-·" 

,. 
.. •• ,! L "1 · •. ~· ~ i" L 

: .. fu ... if. 1'!l ~~-~..(·f·~ '":.~~~_!J_.:1n1· s_, il•~)W ~-fiich 
do The\ ~~~: ?, l 1. bi Le' iic'..l. '..h ::_:~~·~-,-.:..,~~ h1blic<tt; vn 
:No. ~:?.?) ('::a~.:j15·it_·t..."JJt 1 J.Je C.: ~J. S. S-o'\·(.;_·ruHCJli. 

Printil<'. r1f1 i• ·). 

~lpri!"'il!.2!_<:!: En\·;1~:)!1!:!.'.2.~.!:..:.•l :..e<»<i l~uut:1r::.inat.i.on, 
I:cld l)J' .'h .. ~<!.t'it··. ·i- '.), «,1.~., !'ul Li• !f;.~:1lth ::-,cr'l.·ic1'! 

?Ltblica; .... f~i:·L No. · • .'~.) (~ .. ,-j~;jn.;~i: ... ')J., r.:. C.: :~ 8. 
Govcra:11e;.-'., r·~.:.r•1. _:,,r:. !_1f·~·],-.P, '·12.~ ·:;: 19-:;.·;:. 

Th.:· :-;01 •. ·r·, ... , ,,.._ .\i1· ;'ul .i!:r .:.idl • .tnd T~ie:ir ('')fitrol 
(wa~h.i.n{~~Lon, D ... ~-.--c.-... r,·->vernnnnt ':°'rinting 1:.ffi,·E.·, 
o.-;ti:.,t.e:r 1~(7 J l'(;'.'1. ?d). 

ll. S. Dnµ;:u. 1..m.:n~ ·~f ;,r_,~ r1,te1'J ur
1 

Du1'.:<1u of' Mines. 
Cantr>J n~· ~;;, .111· ''xi·!·~ E111i.-:·:;,,;,:,: .in ,'nppoo.r, Lead, 
~.i.n._· .:_-~~-l.~-;~;,::·~-.-.. -:=-~!L.1nLt.'-~~1, L·. c.: l~. S. 

f:i_:-·'-:t.~:=i :-:-(" ~ ;.~r~....:. ,~\ ~, · 1·~· '. c ... _. r•i·11bj <_;1.~:-:- ir1'\~01vnd in 
a~l1.j_(:"'i.i11L , .. ,!.~')l.!~ .{ .. _-._ .. _. .............. -: fjr C-J~ll.!",')j OV~!· :--'Ulfur 
oxiJ~ c:1: i :~: · ·;:1 _.: t :·01 · ·· )pr: _ _.~·-, ;_, .. •::1i, : ••d zinc smcl ters 
'.tr<'i t.he t . .,cL:'ol·;.~. f;;. ;_;-;,~LJ.i1: 1 .; ,:<Jcr1.J.cl'tf-! ,oni:rol 
of' sue 11 n: 1.: ~: .~ i. _ r: · 

E£: t :~ n1.1 Lr.:·-: .. ttf~ :.; C• :~ t i...rf 
Uni.tod ~,i:1'•.-;; 1·"· ;»i..,,c .• ~ 
:i.r1 OI'<~ fJl' L ') ;TJC(! ~. f .. ),-j~'rf:l j_ 

eff .1 U<J~l.t: t-,-:::-a tir,f?n t. in ·::l?n 
/<'~1<<' 1'/')'j tin'OUf,h l9?J 
w-t.e! 'tnaJ::+.y st<~nda~·<ls. 

__ __. ~"'.ci1·nr: ..:i_;:_1._:.~r_J: . .i_"_: __ JJ1•:__!.21_~ A ::t.•tll~~ Rq?ort 
~i:t~,lnnf:: 11;, I; C.: tJ. -':i. C.i,_·,_:r·iuncnt P·rJH::in:'.~ OfTice 

Junt· i 9'70) , 

Th:.!.~; ls rh.-. 1.' i. ,·,, t <lnnua ~- p1 r·~~re3::• rouort. nf the 
FW'-tA. Pro,1id<;!'; h,;c;;.q~r·n.:1ci rc,r un<ier·.standin1.:, the 
n.i.tt11'( of' th<: i'~J<!ut.11. ;,"~! :-;t..1.': •,:,•t.l,r poll11t'i.on 
coue,ro.: pro;~:1::1·:. :.,•.,i 1 L.,, i.h1 1•r<i1•;1'c•s::< made durJnt~ 
11)6~J dTl', ;1:.~;1,~ H~" ·;·,:.1r:~ ~'1,:· '.-.«Ll!t' p0Jl11L.i«J1 C(;n""1·u.; 
for th·: 1 ~;/' '>:·. 
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763. 

Bt1li.0 t ! ;·~~-- \-{ .. :: ~·,:..:_._:t;.· 1 1 ·t·1--' i-~~2.t i" ~.,- ~l_~ ..... ·~ t.P[!l 

(Was!"._i11~:.tn~'~ L·• ~;. i .. ~. '-~'.J'-'•=~·1t;.:~_11tt i"1i1~liiib 
OJ:.fii..:e., 1:~:~--~: . .:-L--:~i ;.-,,--,;:t:1~.-

------' ~ ... i~· 
Cr~tt~:.--.i~ fJ:' -. ... :·:·l~~~J:. t_J~..!,;~-~, -~I:.",~;. .i. 6 :..h.~ict.:.-::iGrl 

u. 

{ ~·i::t:.::.:. :.1 ~r c '."lL., D. r· lf. :..i.. < ... o \--~;.,.·nmen t 
1 • 

,En1f-:-;i_,;t·:--- .. 1m C!!1·'.'">J'-:tl~~a1·;_ 

'u;.,: i.e. :.i.1. ,,.11 N•.o, :-.;_;-!:'·(' 7'.~;.i.shi.n~·ton, 
.D. <~.: 

1 91' ; ) . 

'I .. h::i s vubJ 1_c:t; itd! ·.s ~,,,;. 

c:_-.. tio?1.:=. de.:.:.~~p·· \-.::!· .• -J:~i.c:.:-:,)':.c:·!·;-:' 

b)' "'·;:• r i (:11::. cl.r: ... ti.c~-. l r:1;:.i!-.tf'i..:..~· tu:.· :..::if_'. 

prov~d0~: ;, ld .!_,_;f ':Ve 

de::>cr:i.h•.;;:::> t ':r; :.:.:d•t·:c 

em:~~inns cau5od 
, • :·, .. cc ~ ,::; c ~1 • It 
c:d!l:~t'"y, 01ncl 

;1nc c c.n t rel me ;;hods. 

' or·:'·: .::t~ •.l: .. \j ;.' r.·,·Jr.· =-~:E:·· s~·r,,ci . .:~ of" Ftlt"""l 

Addi i. i ..,.,::, o·: __ : .. ~.--~r:_:_l..:.:.._:_.:;_r_•...:__~~·; f c_'.:!.:~ f ~ ·-~ i 1i::; ~i 11.:l tc-
fJil- ~'i rc:'1 1:·1~ :1 .• ·"··_<· ~,:\'. 1 ~·l~L1li_·:.-· 1 : :_,__·1~ _ ... <o. :\.i1 -8~-
(W<-<shi.:i1,l·.:n, D. ('.; T;. ;-;. •.~t>1.·12nt!it:ni.. Pr.i..nt.ir:.g ~}ff'ice, 

Jun•! 1 :.17 ; ) • 
r.om1.r···hen::'; ._,._. ~:;.rc:<1:,•· :. r<·1··-.:· ~; Df ~' .·.turl.v o:f thr~ 

use cf ~.'ui::! -,,·L· "''"' :,.:, ·:n1.::l:.i .'.1,,... poJ.1,.iti.on 
fr.)rn d.~.::111.li.r·!~_,. ,,_i~ ~}L~t·;:·n-:.~ .:y.-:tf:'i··.;_ 

Ta:~ t. f '' r···~"·' 
_§upp.1 v ·qvj 

1J. S. Tnt...-~i·- .. \{~on.--J· (_"':;::r:.i·. Le,·.· , .. n \:t!l·!- HP~. :·.trees. 

u. 

u. 

P~,~~:~:""~j. ,i:r.·.'. '.~-:,.7 ·:-;, .. , .·~. ;;: ~:· :·-~j~~,_u.:; i .: o i r :i vC' r 
Ba..., i.!..!.._.!~ •.·. .. - ·. •· .t ,. • , 11 ...... , L. ,. . L. ., • Gov .o~ rnmen t 
I}.ri11~~j~,l~ ·qt'j. '''.~~··. 

S. Of r.i ,. r· .. ,f . ·. - J '-': ~' · <; ;,J •<: ·:·i;c :uto 1 ,.,,y • ~.:..' nor-'1 t j on!:' 

.Ac f p (: 1·, j ~!L-..2.:l .. ~:.: _.:~~:-~~·.:._-~..:.:.!..~·~-~ ::-; 1-~ j~~~.!2. 
(wash.:r:r'.·' r..n, I·. c. · ~·. :·. (,.,v1:rn.ih:11i Pi·;nting 
Off.ic·P., Tc:i:-;u_;l .. ~ ;·J~·;:J;. 

S. l'ro.'·.irf, .. :n1, :~,,-~/ .. 

Bnl·.t·•r F" .1r1ir:::':''· 

(N..1: .. m1) 
".1 :~ n d ( "n :' ~ . 

1'~·,,:·· ·;1::·, for ;t -.----·--·----
1 ..• : ;;<':'·.;,, }llJU:;r: 

f) 0 c ~ l ni .. j i. f .• , } .. (,. -· • l ') i h' ..... ! .. ; ! .. :' ·. ; \ '!1 ' r~ . .~ . ~ l.J'. J • 

>f:'ir-1~! ?'1'/~;. 
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Wei~hurd. ~!. l. ( od. ) • ,\it' Pol 1uti011 Con t·r11 J 
Fi•'id C!pt·1'.tti:)J1,.. :"l:H!ttC.1., ,\ t;ui<ie l'r>1· lnsµcctit1n 
and Enrurncor.1ett ~, 1·ni- '-. S. Public Ilea l tli :-;ervic1 
(wa~hint;tor., D. C.: P. S. Govet·r!:;ient Printinr,· 
Of!"ice, 19i;2). 
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