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ADSl'R,\CT 

In this SllHh, av:'1l;ibl1· h:,d:ground information is developed 

.i111: th, si 1:11t.'.h:,,:1c-1· ol ,1ir c,,11t.1:ni11:,nt L'm.i.sstons lrom tlu: monufal·turt! of 

six fH·sticid<·1- dc•tc·rm1.ncil. Per,ticidt·s studied are (l) insecticides: 

methyl p,u·,1Uiiu11 ;lJ,d tl>l'.,1ph,·m·; (2) hc·rbir1dcs: MSMA ond t1ifluralin; 

()) l'ung1cidl! ,rncJ woC'd prc:::crvatL..,n: pcntachlorophenol; and (4) fumigant: 

pur,,u i ch 1,>l'llhl!n z.:nc, 

Background information is gathert>d from publiahed data and 

responses to the ques tio,,nait'es sent to the pesticide manufacturing firm•. 

Basccl on the available data, production projection• are made '-'f to the 

yvar 1980, A list of manufacturers of each pesticide 1• preaented, 

M.1nufac.:turJ11g pr,,c,.-sscs, raw and waste material handlin&, air contaminant 

cmissh1n suurui~, q,wntity or quality, and pollutants, toaether with their 

pH·st·nL prttc:ticc.11 contc0l m(•thods arc discussed. 

Signiffran<.c· of air cont,1minant emissions fr011 the pe1ticlde 

i111luscri.-s is cv,ilu,1tc·d on the bnRis of avail.:ihle data on th• emiasion 

qu,1.1titics ,111t.l/or toxfrity uf tlll' polJutor.t(s) l'mltt~d, Gap15 in the 

d:1l" rv(]•drvd 1.u 1n,:kc .::i complt-tl· cv,1lu,1Uon of significance are identified 

,111d n~cnnirmncl;,11011s to fill tiio!;C gaps are m:;de. 

ii 

https://prttc:ticc.11


Tiu.· c,sst'nli.il Cindini;s of this study c.in be summarized .1s 

(I) /\ s,•v,•rC' lack of avni l.:1l,ility oi p lit and pre'}~ni·. pt·oduction 

<l:,t~: ,m i~clividu~I 11cslicic1•s exists. The- U. S. Tariff Cm:nmiaaion ia the 

m~in sourcl· of published dat.1 on pn,duction, however, itl list• often are 

inco:npkte:. Some of the- ~ists .1rc not prcSL'ntcd b>• individual pt;stici,:~s. 

but in~tc•ad by 1,rl)ups of pcsticidl•S• such as aldrin-toxaphen.: or 'Tlethanesrsonic 

ilCLd salts. 

(2) Avail.ibla puhlishi'.'d d.'lta and expert opinlon hom tiie induatry 

anJ otl,er knowl~~~c.iblc people outbid~ the industry were carefull) evaluated 

to d('vdop a pro<luc-tion table for cacli pcsdcidc- from 1970 to 1980. No 

csti1n;1tt! on the numb(1r of nc-w plants to be built and/or plf'ntt to be 

ligniC:lcantly mC1di!icd is ma<lc. 

(3) A list of manufacture-rs of each pesticide in the Un1ted 

St.ltc·:. is i.ncludl'd, includin!;; the plar.L (company) name and location. Eatimutes 

of ~l1l' di·sihn c.:.:ipJcity of o:ist ing pl.:inls and tlf!H production are provided. 

Mnnu!~ccurtnc Processes 

(1) Onr manufacturing proc~s~ for each pesticide ii idertified. 

(2) Thl' m.inufactt1ring proc<•si; is brh•fly described in term• of 

tht: ~t(:ps involvc<l in the pr0di..1ction process, aided by eimple reaction 

chunistry and simple production flow shueta. 

Raw and Wa: tl' Millcri,11 H.1mllin1a 

(l) 1',,,sC.'nt.i,11 1:aw m.lt1:rial!i ,1rc cnumcrc1tc•d, All hazardc1ua 

mat•Jl·i;l(!S arc idt~11lif!l•J, 

(2) Pr<•ca11t i ona ry snfcty measure:; talqin by manufactutf'r& 

to sa[q~11;1,d the health '-! cmploycefl 11re described. 

iii 
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P) i;impl1• flt.,wi,1H·c:ts (01 wu11te handlin~ during tht manufacture 

"' t.•,H:h pt•st ic idt· an provtlil•d, i<l<.•:H i fyink tht• waste di1p0aal technique u11etl. 

(!) ,\ 1.d,t,, ,,f 11r <l':,I.: i1;.,11l udi,•,ions .i11d Lh,.;•ir sourc;l:'S from 

"· m1,f.,, t11ri111', pr,,u•:;s«···. 11:,d wa•,tt' di ~l',,s.:il sysLL•:•,s lli dl!Vf:loped. 

(2) 1,·,,~•r._, Jh'.'.,1t,IL•, 11r "·;•I\L,1''.1ln~mc 1•n,issio11 rates are calculated 

,,11th!! busis f i;implc r1•,HtiPn c.:hl'mi!;try or wher~ available are pr1Jvlded 

by 1r..in11f,,ct11r111~ plants. 

Air Contaminant Cont~ol 

(l) Air contaminants arising Cro:n prod11ctlo11 proce11e11 ~re 

col'troJl:iblc by most of the methods used in the geneul chemical 1nduatriea 

to prevent dusts, fumes, and gases from le1t<1ing the production plant and/or 

it~ wa~rc treatmc-nt site. 

(2) The present level of the air contaminant control for each 

pc:sLil.:icl(• in<lu:,;try i!i l'Vall:..itccl, whe-rc cnout,;h informath,n is available 

!rum llit.: ma11u· .ictun:rs. 

(3) Nati,Jnwidc air contaminant emission1; and the pre1ent emieaion 

control sit:u.:ition ,H<.' ,:stimal<.d. 

Control Costs 

(1) CMt estimates are presented only fvr ~hose companies which 

i;ubmi Ltt:J such .nfornwtion in response to the ~l1rvc,,. Whi1e a fe"'• compa11ies 

pro\'J«.kd so:1:•.· d.1t.1 on Lh~ cust of control i11 their plantfl 1 t:he opet.1:1ting 

condition!> nM.l•r-s1ry !:,r an adequate t>valt!.:ition ,,t the aa,ne .ire not provided, 

'11iu; part 0f th'.' rcst-.1rch 1 t(')ll,l'L11cr with the- economic impact on the induistr.y 

dta· to tlw in1p.i~it10n of the best availa'r~e co11tr1.1l tec·hnh;\.le, ia not 

p11rs11ed bcc.•1.st• nf rc1-ourcH lhiit·s for Lids stoJy. 
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l><'t,•rmin.ition of the, liigr11ftc:ince of the air containinant emi1sion 

in <•.ich pC'9lici<.1.: industry is madl' by idl•ntifyir,g the candidate pollutant(s). 

th~1r 1111:1ljLy or ,mis'iit•11 (whl·n· ,io~si.t-lc•), ,wd tu:<icity. 
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SCRELN; N(; STldl\' TO DEVELOP lli\CKC't()l'.Nll 
INFOl,MA'f!.m: ,\NIJ l>LH:lt'll~E lllE ~1c;:--;HIC.\NCE or 

AH CONTMllt-;,\NT 1;:MJ::iSlONS fRO\\ PEST1C1l>E PLANTS 

SECTION l 

CONCLt'SlONS 

The prinicipal conclubi~n~ t~ be drawn from the information derived 

in the study are as follows: 

(l) Most companies arc unwili.ing, for pt·vprietary reaaont, to 

provid.; their production data to contractors. Published datr are incOlllplete 

and do not provide a basis upon which to develop a definite trend for fore

casting future: pror!uction. However, forecasts have been provided ·:,ased on 

proj, c. t'!d raw r,,ct tc:ri.11 availability <1ml demand in agricultural production 

t2) Esscnti:11 h~al th ar\u safety precautionary measures adopted 

by nost f. Lrm! .:irl' trnn~port ot m~iterials in closed system& and rf:quirement 

for the use ·.)f protective clothing such as coveralls. rubber gloves, 1afety 

~iass~s or gc,;..;glt:.:s, har:1 laats, face: shields, and respirators. 

(3) Sources or air contam.rnant emissioni; vary from one pesticide 

plant to another. The usual sources are reactor vents, vent• along the 

transport lines, raw material unloading area, product packaging a~es 1 and 

wa:-. t<..: and by-product recovery and disposal systems. 

(4) Simp l<- pr<,ccss chC!mi s try is no': sufficient in determining 

th~ quality and <iuantity ')f the air contaminant emissions l:-?rl\•1se · 

v:1ri.1ticins in the production process. 
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2 

(5) Thi· itfrntilil'cl ,•111is:.i1111~ consist of p;irt:lc11LH!:'a, gaacs, and 

v.ipors. 1·:acli JH'SLicidc l>lant C'tni ts into the .1tmo::iph(;rc at least one polluttant 

wlih·h muy rcqui rc- control, Som<' arc known tC' create odor nuisance end 

visibility prob)C'mL In some' c.1st•s, odor nuisance may be experienced, but 

the· odorous compounds :ire not !<now:,, Very little information is availabJe 

on thl' emission r~•t:·s bct:ausc ft:w comp.:inies conduct in-house sampling programs. 

The popular and most pratically applicable technique used in controllin& 

.:missions from th<: m:tnufactur<: of the pesticides studied involvea wet acrubbi1'g 

with water. A smaller percentage of plants employ alkali absorption and 

adsorption proccs~es nnd filter bags (baghouses). Wet ecrubbin&, ab1orption 1 

and adsorption processes are used mainly for controllina 1a1e1 and vapors, with 

particulates controlled to a lesser extent. Filter baga are uaed p~taaarily 

for controllLng particulate em~~Jionf. 

(6) A factual, reali,tic asses ■ ment of the significance of emi11i0na 

from peaticides plan·~ ls i~practical at this time because of the li~ited 

quantitative emission data avail~ble. This data limitation 11 co11pounded by 

absence of st..ite or Federal source. emission sta11dards on which to base such an 

evaluation. However. in the manufacture of pesticides, there are significant 

€missions o! such co~pouncls ~s so
2 

, H s, and Nox• and theae are aubstantially 
2 

li.ijr;lu~r th.in !.!mission standards in other reiRted rrocess industries. 
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SEC:TlON 11 

(1) Amor~ effective means of obtaining data than the currently 

l·mpluyL·d ml'tlioJ of I"C'!JUl'Stine inforn1.1tiun by lcttLr from manufacturer needs 

to bl' cll:'vclqpcJ. Th.is nc..i 111cons of <lat;.i collection must simultantously 

protPct tl1e legitimate proprietary claims of manufactur~rs, yet insure that 

El',\ iintl its contractor meet their ob 1 igations. Wnrking through an intermediary 

such as a trad~ organization may be one of the general atratesie• needed 

to accomplish this end. 

(2) The air pollution control aspects of the pe ■ ticide induatry 

have not been studied as close!; as ita water pollution control a1pect1. A 

uctJilcd study involving air monitoring and sampling at th• manufa~turtna 
plant an<l their waste disposal site! should be pursued. 'D\e author of thh 

report has relied heavily on published data and scanty responses from the 

1-'estidde rnanuf'acturers. It is recommended that this study be expanded to 

includ0 plant visits nnd 6n~plinf. 

(3) The dearth of field tnc.nsureirenta on pesticides emilJsion 

prcve;nts dcvclllpment of a firm recommcndat1on on source performance stand-:uds 

for the pest ic idC' industry. However, the ir.trinc:ic toxicity of intermediate 

and fin.:il products L clear. lt is, thc-._·efore. recommended thnt ;1 field 

emission study be u~dcrtakcn at the earliest possible date to obtain the 

data necessary Lo fully quantf i pesticides emission standards, 
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Sl::C1 ION 111 

lNTIWUUCTION 

Pest icid~s are import.1nt to t.hc nation's economic life becauae 

ll,c·y arc• USL'U Ln l1Plp in th-:, prucl11clJon of foo<I an,~ fibr-c and to control 

org.'.lnisms that dl!stroy matL'rials or thrt::.Jttn public ht:alth, However, the manu· 

facturc and us•~ of the pesticides con create environmental anci health concern ■• 

Consl'qu,-.ntly 1 EPA. through its Office of Pe ■ ticide Program,, ha, eng•aed in 

studies of various ~spect11 of pc,ticidc production, uee, and 1ffect1 on the 

environment, 

Continuing. in these important studie1, the Strateaic StudiH Unit 

of the Office of Peaticitea Programs has noted a n~ed to develop backar~und 

information Jnd dctcrmin<! the significance of the air contaainant ai11ion1 

from thl;l manufacture of lh:>me peaticides, in confo,:mity with the !970 

Clean Air Act that requireti lhe regulatory agencies to aather information and 

devcdop atanuards for emissions frocr. stationary source,. lecauae there axe 

largl' 1111mbc.:r:. of pesticides ::ianufacturcd in this country, only one or two 

pc·stlcidcs from ~ach cLM1s were selected for this background 1tudy. Six 

p1·sticitlcs were SP-lcctcd in total as listed below. 

Insecticides - methyl oarathion and toxaphcnc 

Herbicide· mono~odium methane arsenate (MSMA) and trifluralin 

Fungicide and wood preservative - pentachlorophenol 

Fumigant paradichlorobt;nzenc. M 

The choice of thesa specific peaticides by EPA wa1 bued on a 

r1·cvious EPA study, which found that the selected pesticide, are characterized 

by high production and use, environme~tal concerns, regulatory intere1t, and 

increased use forcc.ast. (1) * 

* References are located on Page 61. 



Tlw first general objective of this 11tudy has been to develop 

hackr~·ound infom;ltlon on the m.inufacturc of &ix pesticides describE:<l earlier, 

Spl·cific obj(·i.:tivcs h,wc· been: (._t) to prrp,Hc a list of monufacturert in the 

L'ntlvu :;tJt.-~ sµ•·<.:i.fying tli1.: pl.Jill .1..-1111l•, loc.itiun, (;~pacity, and production; 

(h) to dcscribc- the production procl'sses for E>ach peBticide; (c) to describe 

the t:niission sources of air contaminants and their control, an .. estimate the 

nati~nwidc air contaminant emissions from the plants producing each pesticlde; 

~nd (<l) to prepare a cost estimate of the best available em111ion control 

syst.cins and discuss the economic impact on typical firms in the lndu1try if 

sue~ control were required, 

The second generul objective has been to detarrnine the severity of 

air contaminant emissiona from the peeticldc manufacturins plant• and thu1 

:!.cicntify the need to develop emission st:andnrde for suc:h plant ■ • 

The Study Approach 

The; approach centered on the c.'evelopment of background information 

on tl1L· manufact11rc: of six selected r:,;.;~!cides. The study o! each pe1ticide 

was divide~ inti, four task~ us given in Table 1. The table contain• the 

specific informution desired on each task, 

Information gathering was focused on a literature survey of the 

mclnuf;icture of Llw six pesticides in the United States. Princip.!11 information 

sources were fron BCL ln-house data files and governn~nt, professional, and 

trade associiltion publications. Letters requesting di,ta (s~• Appendices Band C) 

were sent to 9 mn,,ufact\Jring pl~nts to obtain f~ctual lnfonnation on varioua 

aspects of the selected pesticide manufacture, Inform~tion •ought included 

plant capacitlcs and production volumes; processes profile, 1uch a1 flow 

sheets. rP.w and w,:u,te m.oterials handli11g de1criptiona; source, kind, a.1d 



TABLE 1, 

T••ku 

l. Data Collection 

?.. Process Description 

), Air Contaminant EmiJ&ions and 
Control 

4. ~tntrol Coat 

RESEARCH 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

(a) 

(b) 

(c) 

(d) 

(a) 

(b) 

PLAN 

De~ired Information 

Lilt 0£ Manufac:urer• 

• Plant name 
• Loc.ation 
• Capacity 
• Production 

Hanufa~t1.1rina Proc••••• 

• Nature of pe1ticlde produced 
• Raw uterial1 
• Waat• uterial1 

Air Containant la111ione 

• Control technology 
• Level of control 
• Waite di1po1al involvina •ir 

pollution ni11ion 
De ■ cription of the oftrtt~iue 
produced 

Deacr~~,1un of raw and wa1te 
~•terial• hdndlina 

Manufacturing 1aethod1 and procHHa 
flow1heet1 

Type, and 1ource1 of air 
contaminant emi11ion• 

Types and level ■ of control 

E ■ timate of :he pr11ent 11111110n 
control •ituation 

Eati~ate of future miHbn1 

E1t11nated c,,,t for beat :,1va1lable 
control 

Economic• impact on the indu•tt~ 

... 
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quantitie1 of air contaminant em1ssion1, currently opplied control mcthode; 

and coau of euch control•, Several telephnn<i calls were made to the 

aunu!acturing plant• uraing them to complete the fonn1; however, no plant 

v111t1 were made. 

~:~cess Description 

Uaing the infor,u tion gather~d • flow eheets were deve!oped • and 

process ~refiles employed in the u~nufacture of each pe1ticid1 ware de1cribed. 

Each flow ahcct identified• where poaeible, the followina: 

(1) Step• of manufacturing proc••••• 
(2) Raw materiAl ■ 

(l) Sourcaa and tyr,,e ■ of ,iir contaminant em1uion1 

(4) Waite material diapo•~l m1thod1 

(5) By-product• 

(6) Final end product,. 

Angly•il of Air Contaminant E1,1ia ■ ion and Cont[o,l 

The ~ir contaminant emissions from the manufacture of each peaticide 

anu the dispos~l or the w~•tea were identified and quantified where po11ible 

together with the c·urrently omrloyed methods of emiuion control, The currently 

eD1ployed e111hlion contrc~.s were ducrihed in unns of 111 and particulate 

removal efficiency range,, potential reduction of vi1ibility, and odor, 

Projection• of future emi11lon1 were made. By ralating th••• to 

almiler eml11ion1 froai other sourcua, a quantitative estimate of the significance 

of cmi11lon1 from the manufacturing sector were made. 

The qualitative and quantitativ• 11timatea of the preeent and 

future nationwide ai~ contaminant emi ■■ ion1 fran th• pl6at1 unufacturing each 
pe ■ ticide were baaed on the plant,,' capacitiu and the air contaminant emi11ion1 

r•t••• 



Analysis of Air Contaminant ~miRHfon Contr~l Co•t• 

Baac.!d on the information obtain~•d from the foresolng ta1k1, 

cost esttmatcs ~ere made on th~ currently em,loyed cont~ol method,. The 

costs consisted of the operating and capital colt estimate•. Where poaaible, 

~nd on the basis of JVailablc.! infonn~tion, cost cstim~tcs of the best available 

emission control sy~t~ms for a typicdl £inn were made. ln •Jdition, a 

discussion of the economic impact on typical firms in the indu1try, if auch 

controls w~re required, waa pres~ntcd. 
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SECTION IV 

BACKCROUND INFORMATION AND SlCNIFICANCE 
OF AIR ":ON'IAKINANT EHlSSXONS 

For the convenient presentation oZ the desired information. the 

research proMr&m outli~ed in Table l was subdivided as follmi11: 

(1) Production inventory in the United State• 

(2) Future production trends 

(J) ~anufacturing procea1 

(4) Raw •~d. wa ■ te mater ia 1 han,1 ling 

(5) Air contuinant emiaaiona, 1ourcea, and rate ■ 

(6) lir ccmta11inant emiuion control 

(7) Control coata 

(8) Significance of air contaminant emis1ion from the plants. 

Available information on the individual pe1ticid• 1• preaentad 

1equen,ially und~r the above headinaa. However. before th• di ■ cu11ion 1 a 
general look at the manufacturing sites and production quantitie1 11 

nece1ot'ary. The manufacturing eitea of the selected peetic1d•• are ehO'lffl 

in Figure l. These aites do not include the formulation plant alte1 but 

only th~ active ingredient manufacturing site1. 

Quantitative !nformation on the past. presect 1 and future 

~reduction of the selected peeticidea waa difficult to obtain. Information 

on past production was \)btained froa, the ti. S. Tariff COSlllli1aion publiahed 

dat.a; however, sorr1e of these production v£1luca are li1ted in pe&ticide group• 

instead of individual pesticides ·.1ti lized in the program. PreHnt and 

future production information waa sought through the manufacturer,. but 

most failed co give the information for proprietary rea1ona. Since the 

pa1t production data did not prcaent a definite trend, an •xtensive effort 

waa made to forecast production of eacl- peaticide up to 1980, ?hete 

ettimated pr,:,duction dsta are given in Table 2 and are sraphi.:ally shown 

in Figure 2. As will be discussed under each pesticide. a number of factor, 

auch a, avail.,bility of raw materials, deman,J of the r,e1t1cide, ar,d other 

influences can ~lgnificantly alter the forecast, so that it• reliability 

decreases as the time interval increaeee. 
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0 

FIGURE 1. MhNUFACTIJJllNG SITES OP THE SEUCTED PESTICIDES 



TABLE 2. PRODUCTIO:'. :ESTIMATES - 1970 T.:> 1980 

Pesticides 1970 1971 1972 1973 U74 1975 1976 J.977 1978 1979 ueo 

~ctb·l P:1r.?thion (~'.PT) 
Pr:.:,.;! UC ti.~.,, 106 ! :, . 

F,;.rce:1t Grct.th 

41.4(a) 37. 2 (a) 

lO(e) 

51.l (a) 

37 

46.9(a) 

4 Ce) 

57 

li' 

65.6 

15 

71.4 

13 

81.5 

10 

88.0 

8 

93.) 

6 

98.0 

5 

Tox:ip:-,c~.:? (b) 
Production, 6 10 lba. 5:) (b} 65(b) 85.!.(c) 94.6 (c) 108{d) 124.2 142.2 162.8 185.6 207.9 232.9 

Perce:t1. ~:r-o«th 30 ll 11 14 15 15 14 14 12 12 

~'.:>r.o 5 .:id i:.: ~ ~!ethane rs ona te (MSMA la) 
Productio:1, 10° lb. 30.5 24.5 (a) Jo.1<•> 41l.1 (a) 50.1 62,6 7.5 .1 90.1 103.6 119.l lll .O 

Percent Crowth 

Tr tflura lir. 
106 Pri>~uc tion 1 lb. NA 

20<e) 

25 (a) 

25 

Zl(f) 

31 

23.l 

ZS 

25.4 

ZS 

27.9 

20 

30.1 

20 

32.~ 

15 

34.5 

15 

36.b 

10 

38.4 

..... .... 

Percent Growth 16(e) 10 10 10 8 8 8 6 6 5 

Pentachloro[?henol (PCP) 
Production, 106 lb. 47 _2<•> so,9<•> 49.,<•> 46.6(&) 48.9 .51.4 54 • .5 51 .8 l:l..9 b8.l 74.9 

Percent Growth 8 z<e) 6(e) s s 6 6 ~ 10 10 

Paradl£hlorobenze(PDCB) 
Production, 106 lb. 69.6<•> 10.1e<•> 77 .3 (a) 85.O 93.S 95.4 97.3 'i9.3 103.3 107.4 111.7 

PcrcE.nt Crc..,th 1 10 10 10 2 
-... ... 
(a) Vnited State• Tariff Coaaiaalon laport-Synthetic Organic CIMai.c:ala. (leferw:e 2) 
(b) 55 percent of Touphene-Aldrin Croup-q110ted by U.S. Tariff CcaldHion. 
(c) 65 percent of Touphene-Aldrin Croup-quoted by U.S. Tariff ec..t••too. 
(d) 70 percent of Touphene-Aldrin Group-quocec! by U.S. Tariff C<!arl••toa. 
(e) Indicate• percent of decrease in produccion. 
(f) itiim:iter et al, Reference 1. 

2 2 4 4 4 

_,,~,·-
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Insecticide - Methyl Parathion 

M~thyl para~hion is a broad-spectrum organophosphate insecticide, 

It is highly toxic to humans, a churacteristic symptom being the impairment 

oi: the· nervous system. It is a nonp(•rsistent contact pesticide being used 

cxt,,nsively in r.otton production. Interest in its use in the production of 

soybe1ns and «lfalfa is increasing. 

Productiun Inventory 

Methyl ·parathion ls manufactured in three southern states: 

Mis6lssippi 1 A!abama. and Tennessee. The manufacturing aitea are Jnder

atandably clust~red in the major use region--the cotton production belt. 

The names, locati0n, pl~nt design capacity, and the 1974 eatifflated production 

volumes arc given i~ Table 3. over half of the present production volume 11 

manufllctured by Mons•nto Compa,1y. 

The total u. S, capacity for the manufacture of methyl and etryl 

paratt1i0n~ (0,0-dimethyl 0-p-nitrophenyl) phosphothioateJ ie 147 million lb, 

but three plants with total capacity of 53 million lb were not producing 

m~thyl parathion in 1974. The l974 est~mated production of methyl parathion 

is 57 million lb. 

Future Produ~tion Trends 

~uture production will depend on the demand and available raw 

materials, Major quantities of methyl parathion are exported; hence• 

foreign demands will undoubtedly influence the volume of production in 

thi~ ,ountry. Increased application~~ methyl parathion to crops other 

than cotton also will increase de~ond. Incre3sed use is being further 

accelerated by recent world food production demands. An absence of a 

5trong competing pesticide in the marketplace will force an upward trend 

in production. For example. the recent cancellation of DDT registrations 

has helped to push upward the production of lllethyl parathion. A factor 

that certainly IT,ay lower the bulk usage for methyl pat"athion is the developn1ent 

.. 
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4 
TAHU.: 3. PRODUCERS OF ME111YL PAK.A'll!ION IN ·nu: iJNlTED STATES(), ) 

An,1Ual Capacity 
:.Ocat ion millio,,s of U> 

American Cyona~id Compa~~) Lindern, N. J, 
Agricultrual Division 

Hercules Inc. Plaquemine, La. l ,. .l 

Synthetics Dcpartment(a) 

Kerr-McGee Corporation Hamilton, M!ss. 17 
Kerr·McGe~ Cham. Corp. 

Monsanto Company (b) Anniston, Ala. 50 
Agricultural Division 

Stauffer Chemical Company(b) Mt, Pleasant, Tenn. 30 
Agricultrual Chem, Div. 

Vicksburg Chemical Company Vicksburg, Miss, 3 

Velsicol Chemical Corp, Bayport, Texas 10 -Total 153 

(~) Not operating by 1974. 

:b) Volume includes ethyl parathion, 

Estimate<l 
1974 Pro clue tlon 
mil lions of lb 

15 

30 

10 

2 

57 
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of a more effective and efficient 'Way of packaging and applying tht: ineecticide• 

such as encapsulation technlquP!. (') 

The effect of the foreg,)ing facton on future production of the 

insecticide i• difficult to predict. However. reap,:,nding indu1trie1 eetimated 

that the annual rate of increase in produ~tion will decline from the 1973-

1974 h"'\·el of about 17 percent to about 5.0 percent by the year 1980. On this 

basis. 1980 production will be about 98.0 million pounds. 

_tf;lnufac turing Process 

Methyl parathion 11 commonly manufactured from ,odium p•nitrophenolgte 

by the reaction with O,0-dimethyl phoaphorothiochloridate. 'lt\ere are 

three 1tepa involved in ~he 1ynthe1i• of methyl parathion. One common method 

involves the reaction of an appropriate alcohol (methyl alcohol) with phoaphorus 

pentasulfide, followed by chlorination, and finally, th• parathion formation in 

acetone. The three steps are as follows: 

s 
II 

P s + 4ROH ---..:...,.2(R0) PSH + H s 2 5 2 2 
Diphoaphoru1penta1ulfide Hydrogen aulfide 

s s 
II 11 

(R0) PSH + c1 --::i.,,.-. (R0) PC1 + H•~l + S 2 2 2 
ON■ 

~ ~ Acetone ~ ~fS\ (R0) 2 P-Cl + ---------> (R0) P"O~- N0 + Natl 2 2 
0,0-dimcthyl 

Phosphorothiochloridate N 2 Parathion 
Sodium p-nltrophenolate 

Conditions of thee.? reactions are not. available 11 they are 

proprietary. 

Raw and Waste Materia 1 Handling 

The raw materials are ~Dclum p-nitrophenolatet me~hyl alcohol, 

chlorine, and phosphorous pent.as~lfide. I~ the production of methyl 

parathion, by-products such u NaCl 8'1"1.d HCl are formed along with waa~f! 

produrts such a., 112s, mercaptan, And sulfur. 11,e production and waste 
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FIGURE 3, PROOUCTION AND WASTE HANDLING SCHEMATIC FOR ME'DlYL PARATIUON 
(Monsanto) (6) 
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handling schcmati~ is shown in Figure 3. 'lbe odoroue compounda (H S and 2 
mercaptan) are flared and the sulfur is incinerated, whlle liquid waste 

effluents are neutrali~ed with Na co and sent to a waetewacer treatment 
2 3 

plant, 

Sintc methyl prrathion is very toxic, specific handl1ng 

precautions arc t.aken. K1rr-McCee Corvoration provides the following 

prccautiunary steps in their plant: 

(1) Row m&t~ri~Js exce~t for SHP (sodium p-nltrophenolate) 

are stored in t~nks located in diked ar~aa or in 

eubmerged sumps, SNP is stored in powder form out of 

door,. The SNP is •tor~d in ree~nditioned, open head 

type, bolted top ring drum,. Drainage from the SHP 

drum 1tora1e area is to the chemical complex drainage 

ditches. 

(2) Proce11ing area, of the plant are curbed 10 that 1pill1, 

lland water from pumps. and contaminated runoff are 

contained and treated as process wastewater. 

(3) Liquid parathion is stored in a new roofed warehouse 

that doe ■ not drain or diacharge into any wa1te~ater 

effluent sys~ems. nie parathion h s.tored in 16 sauge, 

tight head c .rums, In the event ~fa parathion spill 

tht following clean-up steps are taken in the order 

listed: 

•· Put absorbent clay on the spill until the 

spill is soaked up in the clay. 

~ Remove the clay and absorbed parathion. 

• Put ~oda ash over the spill area. Vi1orou1ly 

scrub soda ash into floor with a broom. 

• Rern,)ve soda ash • 

• Repeat Steps 3 and 4 several times, 

• Wipe contaminated !!T'ea with paper towel. 

• Soe.~ paper towel in carbon disulfide to 

extract methyl parathion, 

• Check carbo1, d 1.sulfide for methyl parath1(,n 

by infrared scBn, 

I.. 
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• If the test 1s puliitivc rep\?IH Steps 3 through 8 until 

th!! tC!.t 1~ negative. 

• liury cont~~inated matter in cloaed drum, 

Air C,mtamin.1nt Emissions, Sources, nnd Rates 

l'he manufac~ure of methyl parathion produces solid, liquid, and 

gaseous waste materials. 

The main 11ources of air ,:or.taminant t!r1issions are: the reactor, 

the chlorinat::>r, and the Methyl. Pa.cathion ..1.lit (Fi&ure J). Odorou1 

pollutant• P.rise frcm vent•, hquid wastes, anC rei.iduea. Durin& the 

diaposal of by-products (for example, flaring of H s and meicaptan1 and 
2 

incineration of sulfur), suifur dioxide 1• given off. Al10, durina vaste

~ater t~~at~ent or lagooning, the odorous compounds auch •• ¾S, mercaptana, 

~,c., are emitted, 

~e companies contacted were unable to furnish any data on the 

rate of air pollutant emissions from their plants. Erniasion rate• for 

tt s, s, and NaCl were calc.:,1lated as 460, 420, and 460 pound• per hour, 2 
respective!y, on the baste of 330 days per year and a 24-hour-per-day 

operatioa.~ Sulfur Jioxide eml5sion rates based on H S and S oxidation 2
at·e estimatE:d to be 1,550 pounds per hcur from the following reaction•: 

211is + 30 -t 2S0
3 2 + 2H 0 2

s + o ~ 2 so
2 

The air emission sources, compounja, and rates are given in Table 4. 

Air Contaminant Emission Control 

Air contaminants arising from the production proce1ae1 ar~ 

controlled by the methods used in gene:al chemical indu1trie1 to prevent 

dusts, fumes. and gaa;es fro/ti leaving the production plant into the outside 

environment. 

-~ l11cse calculation5 are based on an annual production of 30 x 106 pounda 
of melhyl pur~thion and the estimates by Rawless, et a1.(6) 



TABLE 4. AIR CONTAMINANT EMISSIONS, SOURCES, AND AAl'ES FROM 
~IETl'.YL PARATHION MANUFACTIIRE AND WASTE TREATMEl\7' 

Sources of Emlssion Particulates 
Rates, 
lb/hr Gases/Vapors 

Rates, 
lb/hr Odor 

Rate, 
Ocior Unit/h~ 

Manufacturing Processes 

Reactor None d iphosphorus 
pentoxide 

mercaptan 
H.,5 

L 

rr.ercaptar: 
kvlene 
H S 

2 

Chlorination Acid Mist. 
e.g. HCl 

5 
460 
420 

PCli 
PSC J 
~thanol 
Me thy 1 ch lorlde 
HCI -

MPT Unit Bas!.c Mist, 
e.g. NaCl 

Methyl Mono-
chloride 

460 

'° 

~•~te Treatment Processes 

Incinerator and 
Flaring 

P205 so 
~20~ 

.) 

1,55C Non. 

Waste Trea t•m t Plant None H s 
2

merca:,tan 
H S 2
mercaptan 

Lagooning None "2s 
mercaptan 

"2s 
mercaptan 
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Pra~tt~al sulfur dloxidP emission control proce11e1 for tt s, 
2 

mcrcapl~n, ttc., 3V~ilablc for methyl parathion plonts are incineration 

,~ series witl, scr~hbing system and carbon adsorption. Control of visible 

fumes created ~Y the ~mission of diphosphorous pentoxide can be achieved 

by a mist elimll'ator, whil<' IL.Sand mercsptan e.mif.r.ion control during the . 
wast,!w<1ter trc•;il1~1cnt ~an b·• ilchicvcd by chemical oxidation and deodorization, 

Thr. air emisslon control system uaeri by Monsanto ia •hawn in 

Figure t.. In,iner.ition is used for the coi.t.ol of the off gae•n and reaidue, 

while heavy chlorination is used for the control of the wa ■ tewater odorou1 

emissions. The scrubbing system used to control the incinerator emi,eion 

is quoted to achieve an efficiency of 95 percent for the removal of 

diphosphorous pcntoxide. The Brink Mist Elimlnator providu about 

99,9 percent v1~ibllitJ reduction. lncineration of sulfur •ay be coneidered 

e b~tter practi~al control method than recovery because the 1ulfur that can 

be r~covered in this process is tne1capably contaminatec with toxic methyl 

para th ion, 

TO ATMOSPHCRE -

WATER surrl y 
SlACK -1n[1-~ 

SCRU[tnlr,G . ' 
·•• I 

lOWER ·1· 'I 
INC IN! r:: TO{~ .. ,'.: 1 L.IST [LIMINAi(JR 

' .. 
~j I .. , 

Off GAS,- - - - , ~ , , 

RE s1 o_u_r_._ .... • -_J ~_-_~.;;;..--✓_;,_, J· lL _ ('' _; , :::-----FUEL c.-- ' • ..:._- "' -
71 

l£-:;-..,i,:- ·n l;;>··.,f~ . ...... - . ' 
LIMESTONE N(UTRl,LllATION. T V 

TO SCWCR RECOVCRCti 
PAOOUCT 

FIGURE 4, PARAIBIO:,.Z RESIDUE AND OFF•GAS INCINERATOR(?) 

Sulfur dioxide emissions prese1,tly are not contr~lled in methyl 

parathion manuf.:.icturing plants. This means th&t for a plant producing 

about 30 million lb of methyl parathion per year, the SO2 emission per year 

will be about 12.) million lb or l,550 lb per hour; that 11 1 by 1980 at the 

prest:;,t control statu!l so emission from MPT plants will be abol1t 21.2 
2 

milliun lb or 2,680 lL per hour. 

https://coi.t.ol
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On the bns16 of availnb1~ infurm~tlon 1 ~onsanto 11 the onlt 

co111pany mnnuf,h.:turing mcthy l par..ithion that is controlllng air emissions i 

the sulfur cflmpounds by incincrntion, diphosphorous pentoxidt1 by scruboing, 

and visibility by the Brink Mi~t Eliminator. ttowever, so produced during 2 
the incin"ration nf sulfur <:c1rr,po·.111d~ is not cuntrolled. It was estimated 

tht1t ilbout 12.J r.iillion lb tif iio wt,l"C' emitt{'d in 1974. Both Kerr-McGee 
2 

Corporation .ind Staufi:cr Chcmic,1 L Company vc•nt their emhsion into the 

atmosphere with out any control. Ac:::ord ing to them• there are occas tonal 

coniplnints of odor t·coblems from u s, rr.ercaptan 1 etc., emh1iona. lt waa 
2 

esUmatcJ that u2~. S, and NaCl eraissio'.le from these plant• were, 

respectively, 3.2 1 3.0, and 3.2 million lb in 1974. 

The future trend in air pollution from th~ manufacture of methyl 

parathion wtll t('nd to increase due tc increased future production unle11 

efforts are m3dc to control the ~missions. Large m~nufacturing corapaniea, 

auch as Monsanto, tend to be able t~') iustal! control equipment, but the 

an1al ler companies indicated that. control was economically unfeaaible. 

Control Costs 

Mons~nlu declined to provi~e lts air pollution control coats. 

J::stimation l)f tht> control costs by theoretical calculations are not p01aible 

within th~ resources al lotted for this study, 

Significanc~ of Air Contaminant Emission 

The present emission control situation in the manufacture of 

l','ethy I parathion ~hcwii that 011ly MonsanLo Company controls t.he primnry 

emissions su,:h .1s tt s. mercaptan, S 1 and phosphorous pentoxidet while 
2 

other companics do not control their emissions. HcM~ver. in the proceu 

of cont.:-ol lini; the primary ,·:nissions 1 a secondary emission (S0 ) is produced 
2 

and C!ndtted without control. . ·, 
Those co:npanies tlw t are not control:,, g 11 s and mer~aptan 

2 
emissions do have occasional odor problems; he~,~, control in the industry 

i& necessary, Kraft pulp !!',ills !!'rlY be compArcc! wi::h the methyl parathion 

https://eraissio'.le
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pl.int in terms of odor problems. 111e emlss:ton requirement in Hisshaippi 

B11d Alab,11110 for tlu.• tottll r(•du1.·c•ll sulfur (TRS) ts 1.2 and 2.0 .i.b/ton oC 

pulp, aoµHlively;(H) whereas the calculated «'mission foT H:;,S alone from the 

mc-thyl parc1t:1ion plant w:,s t.bm•t 0.12 lb/lb of active ingredient (Al). Also, 

so emission stanJard froffl i111lfur r;;:cove1·y plants m.,y be compared with that 
2 

.:•mittl·d at thl' M,,ns:intli :'•:int. 1n AL1bama, the stan~ard is 0.08 lb/lb of 

sulfur processc,i, whi.le r.hc cat ... -.:lated emission from the Monaanto plant was 

about 0.41 lb/lb of Al. Crmsequently, thcsi· odoioui; compounds and so are 2 
emitt•.•<l in an amo;mt hi.(!;hi!r than prevailing state standards for other related 

pruceBs plants. Thus, the need fer control of these emisaion• from the 

methyl rarathlon plant fl aignlf1cant. 

'lbe econo~ic impact of controlling these pollutant• i• not 

asM~saed •l·nce the con\·rol costs were not available. 

lnaectlcide - Toxaehene 

Toxaphcne, a nondef ◄ nite chemical com1ound, ii a mixture of 

polychloro-bicyclic rcrpenes w1th chlorinated camph~ne. Toxaphen• contains 

6/ to 69 percent chlorine. 

Toxaphcnc is less persistent i!l the environment compared with the 

c,thi•r ::vmpounds in this general group, e.g., aldrin, d1eldr1n, and endrin. 

roxaphcne 1~ sPverely toxic to aquat1c ecosystema, especially to fi1he1. 

It is also toxic to terrestrial ecosystema, but the effect• are le11 

videspre3d than those caused by the more persistent chlorinated hydrocarbon 

p~sticides, (1) 

Toxa~•~ne ls an important agricultural insectic~de, especially 

in pre,cnting cotton plant damage. It is normally applicabl~ againat t.he 

boll ~eevll, boll worm, cotton aphid, ~nd cotton flea hopper. 

Produ(;, •.an Inventory 

ToxRph~ne is manufactured in three southern acatea; namely, 

Georgi.i, Texas, and Mii:;sc.;ui-i, and by th1·ee companie .. , namely, Herculea, 

Sanford, and Vicksburg. Table 5 gives the inventory in the United State,. 



2) 

TABLE 1, PRODUCEl<S OF TOXAP!IENt:: IN THE UNITED STATES (l) 

Production 
Desi~n t;•Umate 

Company Location Capacity 1974 

50-75 (b) Kcrcules, Im:. Brunswick. Ga. 65 
Synthetics Dept. 

Son ford Chemic.el Co. Houlton, Tex. 40 20 

(a) 125 (b) Tenneco Cht.,,1ica ls Fords. N, J. 20 
Intennediates Div, .. 

Vicksburg Chemical Vicksburg. Miu, 5 3 
Co, 

220-245 108 

(a) Produces strobane, a polychlorlnated toxaphene-lik• 
insecticic.le, 

( b ) Re (er enc c 1 • 

.. 

https://insecticic.le
https://Chemic.el
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The distribution conf~rms wJ~h the gcneraL location of raw material-• 

southcrn Dine-•,1ml ma tor use nrea--the southern cotton fields. 

The plant capaciticg and production votume tor toxaphene are 

difficult to c·stimatc reliably. The firms contacted would not furnish 

the information. Also, the U. s. Ta,:iff Commission doee not report 

scpnratcly on toxaphenc, but instead, as the aldrin-toxaphene group which 

contains compounds: aldrin, chlordane, cndrin, dieldri:i. heptachlor, strobanie, 

and to><aphenc. ·nic production of this .;ho'e group showed • dramatic increa8f! 

from 1970 to 1972. The U. s. productfon of toxaphene wao Htimated to be 

50 million lb in 1970. <2> An estimate di~~ussed below for 1974 i• 108 

million lb, showing that the production nae substantially tncrea•ed. 

Future Production Trends 

E1t1mate1 of toxaphene production are based on the trJnd in thu 

proportion of toxaphene in the aldrin-toxaphene group. In 1970, toxaphene 

was about 55 percent of the group production. (2 ) In 1973, it wa ■ ab,,ut 

65 percent, and with the recent registration withdra1o1al of •om• 

insecticides of this group by EPA, such as aldrin 1 endrin, and dieldrin, 

the proportion c1nd, hence, the production of toxaphene ia expected to 

increase. 

Increases in agricultural production will provide an upward tt~nd 

in production, However, like methyl parathion, new, more efficient, and 

effe~tive methods of packaging and application will tend to l,we~ demand•.C5) 

On the basis of these factors, the percentage of inctea~e in 

productiori. of toxaphene wi 11 tend to decrease from the present •~ticnat.ed 

r.'.lte of ,'<bout 25 percent to about 12 percent by the year 1980, giving s 

production volume of 233.0 million lb per year at the end of the decade aa 

shown in Table 2. 1he above estimates have been made on the aa•umption 

that n~ regulacory action will be taken to control the u1e oi t~xaphene or 

that no substitute chemicals will be introduced. 

https://�~ticnat.ed
https://demand�.C5
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M<muf a"t ll ring I' roe es s 

·n,c production of toxaphcne involves two main steps: the 

production of camphene in a reactor from ot•pinene, which ls a compound 

ohtained froni southern pine stumps; und the r('action of chlorine gas with 

c.imphcne in a solvent solution c1t the chlorlnatar. 

The reaction chemi5try is glvcn below. (b) 

CHz 
Catalyst 

) CH3 UV or 
) 

cat. 
Cll3 

cr-'Pinene C.1mphene 
Toxaphene (mixed isomers 

and related compound• 
67-692. Cl) 

Uetails of the operatin~ conditions in the manuf~cture are not 

available aincc they are proprietery. 

Kaw and Waste M:itcrial Handli11g 

The raw materials invnlved in t~e manufarture of toxftphene ■ r4! 

camp~ene, chlorine, and solvent, plus other compounds used in the efflu~nt 

treatments, 

The production and w~ste material handling schematic used by 

Hercules is prrscnted in Figure 5, Tt-.e gBscous emissions from the chlorinator, 

chlorine gas, ~ydrochloric ac1d, and solvent vapors are passed through 

condensers, caustic scrubbC?rs, and a tower containing limestone, while the 

liquid toxaphc~e is filtered, stripped, and formulated lnto marketable forms, 

The wastew~ter is neutralized and subjected to primary treatment prior to 

discharge to the ~r~ek. 

Hercules claims co have rigorous safety standards. lhey maintain 

a fire truck ar,d crew on site. Production workcts receive annual checkups 

and h~-.-~ h.1-:! , ,, i.:.-.· "'llt:!nt health record, acr.ording to the company, with no 
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Stripper 
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FIGURE 5. PRODUCTION AND WASTE HAHDLING SCHEMATIC FOR l'OXAPHENE( ) 
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correlations of Jeath or Lllncss with toxapher.e handling, 11\e c~Rpany 

stated that th~y are in compliance with all ~ir pollution control regula

tions promul~ated by the State of Georgia under the Federal Clean Air Act 

of 1970. Information on raw and waste material handling at other mar,u

facturing pl~nts is not available. 

Air <.;ontaminant cmiss ions .1 !:iources I and RB c.es 

Mail\ sources of air contaminant emissions are the reactor. the 

chlorinator, and toxaphene formulr1tions. There is no inforeatlon on 

emissions from ot-pinene production. 

The ma:I n emission fro:11 the reactor is chlorine gaa i the emissions 

from the chlorinator are chlorine gas. hydrochloric acid, and solvent vapor, 

and toxaphene particulates are released during formulation. 'Ibcse compounds 

and sources are given ~n Table 6. The emission rates of these cOfflpounds 

are not available, except HCL which is estimated to be 4,350 lb/hr* from a 

65-million-lb-capacity plant. 

Air Contaminant Emis_!,,1on Control 

Most systems available in chemical industries for controlling 

acidic gases are a?plicable to the control of emissions from the manu

facture of tox.'.lphene. There are three m::.in control techr.iquea: scrubbing 

(alkali or water), stripping and adsorption. 

Hercules uses these control tec~niques to control HClJ chlorin~ 

gas• and solvent vapor emissions. The em~.ssions are initially pasaed 

through condensers where the majority of the solvent and hydrochloric •~id 

la removed. Fol lowing the condensers are caustic scrubb,:ra which remove 

additional traces of hydrochloric acid and chlorire. Finally, the effluent 

is passed through large towers containing limestone, which i1 ■ aid to remove 

the "balanr.e" of the hydrochloric acid. The final rate of emi1111ion1 from 

the limestone towers is not knm,,n• but Hercules claims up to 100 percent 

effic !ency. 

* Estimated at 0.53 lb/lb AI. (6) 
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TI.HLE 6. A IR CONTnMINANT EMISSIONS, SOURCES, AND RA TES FROM 
TOXAPHENE HANUFACnJRE AND WASTE TREATMENT 

Rate, Gases/ Rate,_ Rate, 
s~ur~es of Emission Particulates lb/hr Vapors lb/hr Odor Odor "nits/hr 

Manufacturing Steps 

t7 -Pinene Production NA NA NA 

Camphene-Production NA NA NA 
(Reactor} 

Chlorination-Toxaphene NC'ne Clf gas NA N 

Productio".", HC 4350<6) 
00 

Solvent 
Vapor 

Toxaphem? Granular Toxaphene None None 
Production Dust 

Waste Treatment Processes 

Wastewater Treatment Plant None Cl2 Poslible 
candidate 

BCl Cl2 
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In chemical induotnel'I variuus control technologf.e• ar,~ available 

for controlling particulates. such as electrostatic precipitator•, baghouae•, 

scrubbers, etc. 

Hercules uses baghouses to control the toxaphene particulate 

emissions. No information is av~i !able on the uncontrolled and controlled 

-:::,, i ss ions. 

No definite statemtnt ~.n be made on the present air pollution 

control status i~ the manufacture of toxaphene. Control information is 

unavailable frol'\1 other m11nuf,1cturing plants. 

Control Coats 

Emts~ions from the manufacture of toxaphene are not controlled 

separately; instead, they au passed together with em1 ■ -1ona frOID the 

manufacture of other pf!stic1des in their clan throuah the ••• Ct'ntrol 

sysi:e!!l. Conr:.t!quently, contJ"ol coer. infonnation is unavailable. 

Significance of Air Contam111ant Emission 

There is high emission of HCl (about 0.53 lb/lb AI) in the 

l"'ATiufacture of toxaphene. It 1s recognized that HCl is a liquid at normal 

te~p·?rature and pressur~. However, fumes of HCl are emitted, althouah the 

rate of emission 1s net known. 

A particularly ir,portant emission in the manufacture of toxaphene 

is that of tn>eaphene parti·:ulat.es. Toxaphene is toxic to 1DA111Dal1 • for 

example, the toxh level for dogs is 20 ppm. (l) However, ,i!ata are 

unavailable on the rate of emission from any plant. Con ■ equently, an 

aueBSme•.1t of the signifi::ance of emtssion frODI the plant• i ■ not pouibb 

at this time. 

Herbicide - Monos,1dium Acid Methanearson.:1te {1-'SM.'.l 

MSMA is a selective herbicide "! the organic ar ■ enical g~->up. 

MSHA is not very toxic to animals and it degrades fairly readily in the 

https://aueBSme�.1t
https://parti�:ulat.es
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•oil, !tis a postemergent herbicid~ used to control hard-to-kill ar••• 
weeds, 

Production Inventory 

Monosod i um ac td me than('aoiona te ls produc(!l.l in three atatel'•·• 

Wisconsin, Texas, and New Jersey•-and by three companies--'M,e Anaul 

Company, Diamond Shamrock Chemica 1 Company, and Vine land Chemica 1 Comp8ilf, 

The plant design capacities of the producers and their production are •hown 

ln Table 7. 

The u. S. capacities and production volumes are knc,wn for the 

Ansul Company and Diamond Shamrock Chemical Company. Their combined 

eetimated production for 1973 and 1974 were 33,l and 32.4 million lb, 

respectively. No infonnation i• available un the capacity and production 

volume of Vineland Chemical Company, However. it is eetimated that the 

total production for the methanearsonic acid salts for 1973 and 1974 ii about 

40 to SO million lb• respectively. 

Future Production Trends 

The production of MSMA has been showing an upw•rd trend eince 

1971, Ansul has been producing at design capacity while Diamond Shainrock 

Chemical Company has maintained a production of about 50 percent above 

deaign capacity. This means that either new plants will be built or 

existing ones expanded, or both. to meet the demand. MSHA belong• to the 

organic derivatives of the trivalent form of arsenic. Its selective. 

poatemergent efficacy against ha1~-to-krll gra5s weeds makee MSMA an important 

he?bicide in agricultural production. Therefore. its production in yeare ahead 

will tend t.o ir.crease with the recent increased demand in the produc tior, of 

food an~ fibre. The appearance of competing herbicide in the marketplace 

may lower the production of MSMA, 

A conservative estimate for the production ha• been pr~sented in 

'i,'able l. Again, an increaae in production is !)l'Ojected, but this rate of 

.!ncrease will tend to dP.crease ft"om the preaent 25 percent annually to about 

10 percent annually by the year 1980. 
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TABLE 7, PROOUCERS ,)F MSMA IN THE UNITED ST.ATES (J) 

·========--..:::,,:-=:::==-=z::-=----------
Produrtion 

Design Eetinu•te 
Plant Capacity 011.lUon__!L 

Company Location .nilllon lb 1973 14174 

The Ansul Co., Chemical Marinette, Wisc. 10 16.1 lS. 7 
Div. 

Diamond Shamrock Chemical Greens Bayo 1 Tex. 17 17.(1 16.7 
Co., Agricultural Div. 

Vineland Chemical Co. Vineland, N. J. 
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Manufacturing P!:2£.!.!.!, 

n,re,! in;.l,' •teps are involved in the m,,nufacture of HSMA: 

production of sodi"m arsenl':.~ 1 m~thylaraonic acld, and HSHA. 

The first step in the production of HSMA begin• with the formation 

nf 9odiwn ari::<'nit1~ by t:ie reaction of arsenic trioxide and 50 percent cauatic: 

soda solution. I·,1 ll,e 11c1<t stl.!p, 25 peicent solution of th• aodtum araenite 

ts treated under pressure with methyl chloride to give the di ■ odiwn methane 

aracnate (DSMA). Some companies sell a portion of the DSMA for herbicide 

uaea, but Bince DS11A is leu 11oluble 1 1t requires a hilh•r application rate. 

Hoit c01np•mics go • ■ tep further to prepare MSMA. 

HSHA is prepared by adjusting th• pH of DSHA with aulfuric acid 

in a reactor. l~e material 11 centrifuged to remove aalt1 1uch aa •odium 

aulf•te and sodium chloride (which are waate by-product•) and the re1ultlna 

•olution 1a concentrated by evaporating the water. Rydroa•n pet~~ide ia 

added to oxidize the unroacted trivalent arsenic to th~ pentavalent fot111. 

The final prodt,ct is formulated with a wP.tting agent 11.nd packaa•d lnto 

1-gdlon. 5-gallon. 30-gallor, or 55-gallon containers. n~e active 

tn~r(!dleut t,f MSM.A is sold at a num~er of concentrationa. but appro.xim•t•ly 

:;s pt!rct-nt i.s the maximum concentration that can be prepared without 1.mdue 

v!scosity effects, 

The simple proce!>,; chemistr/ is given below, 

Araenlc Sodium 
Trioxide Ar,~ntte 

Methyl DMSA 
Chloride 

OSHA HSHA 
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k.aw and Waste M,1tcriol Handling 

&aw materials usf'd to produce MSMA are arlllenlc trioxide, eodiurn 

hydrox idt?, methyl d1 lo rid<', and sulfuric 6C id. Arsenic trioxide is th• 

m,ist t,..,xJc· ~1w< i,-~, .tnd it if, lmpL•rativt• thuc thi:; compound be handled 

with cJrc. 

le: is 11nloaded under a hood equippcJ with an exhauet blower that 

pulls the ,11·.st thruugh ducts to a dust collector. or scrubber. Employees 

use r"'spirators, anJ frequent l'mployee health screening to check any 

health dongcr is required by most ftr~s. 

The productiun and waste schematic(o) ia ■ hown in Figure 6. 

A major concern in the wastewat~r treatment i• the di1po1al of 

the mixture of sodium sulfate and sodi•Jm chlorate contaminated wlth araentc. 

Diamond Shamrock handles this by precipitation and centrifugation. After 

washing. they arc> dis posed of in a landfi 11 which is registered with t?,e 

State of Texas. :~o information on air emissions from th• dilpo1al aite h 

avai111ble. ~!ethanol. a side product o! mt!thyl chloride hydrolysis and 

water, l~ recycled. 

'!he mai.n IJl')urce of air contaminant emissions during the 

menuf.icture of MSMA is in the sodium arsenite production during the 

unloading of arsenic trioxide. Minor emissions may occur during the 

processing of the MSMA by evapontion from vents of the 1·eactore. 

The> main c>miss ton during the product ion of sodiUll'l ersenite is 

arHenic trioxide, whicli is very toxic. Uiamond estimates the controlled 
•8 M8 

emiuion of As oJ to be 6 x 10 lb/ton or 6,44 x lO lb/hr. Durin& t~e 
2 

product 1 on of iiMS1\ and MSMA. vapors of CH c l • Na so,., and CH o are given off. 
3 2 3 4 

Arsen1c-:ont.'\minatcd solid matel'l.als including NaCl, Na so
4 

, 
2 

and MSMA ,:trl' l,mdftlled. No 1nfonnat1on .lS av.:ii!.able on the emi1sions from 

these disposal sites. The list of the pollulancs from various sources is 

given in TP~le 8. 
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TABLE 8. AIR CONTAMINilNT EMISSIONS, SOORCES AND RATES 
fR01 MSl"A MANUFAGnRE AND WASTE TREATMENT 

Rates, Gases/ Rates, Rates, 
Sources of Emissions Particulates Vapors lb/hr lb/hr Odor Odor Unit/hr 

Ma~ufacturing _Steps 

Sodium-~·<? rroduction As o 6.44xl0 -8 
2 3 (Reactor Vents) 

DMSA Production None CH Cl 
3 (Reactor Vents) 

CH 0H Same 
3 

(CH ) o w 3 2 VI 

MSMA Production None NaCl Same 
(Reactor Vents) 

N so 
2 4 

MSMA 

MSMA Pro<: es s 1. ng HS!1A 
(Evaporator <!.nd 
Centrifuge) 

Waste Disposal Proceasea 

Landfill NA Not Identified Not Identified 

Ponds NA II 
II 
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Air Contaminant ~:mu;s ioii Control 

The only ~lr pollutant ;ontrolled in thi~ indu1try i• A12o3• 

The cor1pouod is emitted as particulates and various ,,;ontrol technique• 

ar,~ availal>li:, 5w.:h os 1>aghouscs, scrubbers, and electrostatic precipitatort. 

Uian)ond Shamrock ope r.:1tcs the As o drum opening and dump bin 
2 3 

undn a hood eqllipped with a blower that will pull the As into a 2o2 
bagfilcer for collection. Ansul's plant control~ the arsenic trioxide 

emission by a scrubbing eystem. Efficiencies of these control ~y,tem• 

are not known by the fl nne. 11·,e best control technique for thia hiply 

toxic arsenic trioxide 11 to have both baghouses and acrubber• in aerie ■ , 

th~ bag filter is useful in recov~ring Aa2o3• while th• •crubber r•ov•• the 

&meller size particles that normally will not be collected by th• bag 

filter. Unfortunately. the ~crubbing eyatern may create water pollution 

problems. 

Aasuming an induatry eatimate of a controlled emia1lon rate of 

6,44 x 10-ij lb/hr As 2o3,, it is estimated that the amoun: emitted per year 
4 

by a plant of 17 million lb capacity la 5,1 ~ J0- lb. 

Ansul Company observ~d occasional udor nulsance 1 but no 

identification of the odor-producing compounds has ~een made. 

A definite statement on the level of emission control is nvt 

pc,sible because of incomplete data, However, it can ,afely be 1tated thet 

all companies control arsenic trioxide emission but controlled emi11ion 

rates are not known. A definite need exists to monitor the emia,1ori of thil 

very toxic pollutant. 

Future emissions will increa~e on the order of the production 

projections if the preser,t level of cotltrol is maintained. A11U111ing an 

emission rate of As2o3 given by Diamond Company as 6.44 ~ 10•8 lb/hr As2o3 
emission for the industry by 1980 will be 0.0393 lb/year. 

Control Co11ts 

Diamorid Shafllrock--with design capacity of 17 million lb per year-

gives the cost £or controlling As2o3 as $8,000 for capital cost. •nd $200 

per year for tht'! operating costs. An acfdifier vent scrubber 18 said to 
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coat $500 fur the capital, and $100 per year•• the operatin& coat. A1r 

flow rates and hence sties and efficlencie, of the equipment were not 

provided for v~riflcation purposes. 

Signt_acance of Air Contaminant Emission 

Of lmportance in the industry is the control vf As2o3 emissions 

bec-ausc 'Jf their high toxicity and carcinogenic propel'ty. A• of thi& date• 

the re~ponding fi~ms do control As2o emissions but the level of control 3 
ia nc-,t known. 

Herbicide - Trifluralin 

Trifluralin ia a selective soil-applied or preneraence 

herbicide of the clue NitToaromatic. It 1a ueed to control annual 1r•11 

weeda and 101ne annual broad-leaves. Ab,ut 60 percent of the trifluralin 

11 used in the production of soybeans, JO percent cotton 1 and 10 percent 

othen. Cl) 

To::dcity of trifluralin to inallll!lala ii low. but it ie hiahl')' 

toxic to fish. It is de3radable by microbial activity, and modarately 

per~istent in the soil. with about 85 percent of the applied rate dearadina 

during the growing 1eaaon.(l) 

Productio,, lnventu:y 

Trifluralin is :nanufactured by only one !inn, Eli Lilly and 

CompQny, at their Tippecanoe Labs at Lafayette, Indiana. Th• plant capacity 

1a eatiinated to be 35 1dllion poun.d~ per year. Production volumes for 

1971 and 1972 were e&timated respectively as 25 and 21 million pounds. 

Future Production Trends 

The futur£ production of triflunlin will depend on availability 

of raw materials and sale of trifluralin. The impact of the availability 
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of raw JMterials on trifluralin production 1• difficult to•••••• becau ■ ~ 

ot' many unpredictable influencing factors. 

Since trifluralin is mainly uaed 1n agricultural production auch 

a• cotton, soybeans, etc .• the future growth rate of these crops will 

influence the growth in production of tr1flural1n. 

The production of these crops in the year& ahead vill increaoe 

because of the current demand in agricultural production. 

ln the projections given in Table l, increased aartcultural 

production w.:.~ t'eflected in increaaed trifluralin production while the 

appearance of potential competing herbicides waa reflected in a d1crea1ed 

percentage of growth. By 1980, it 1• projected that about 38 llillion pound• 

will be produced. 

Manufacturing Procesa 

'Ihe manufacture of trifluralin involves two main 1tep1: nitration 

and ara1nat1on. The simple process chemistry is given below while the flow 

~iagram 1s shown in Figure 7. 

CF3 

Dipropylamine 
. Sodium Carbonate • 0 0 

2 
1 

N0 Water I 

Cl Cl 

p-chlorobenzotrifluoride 3,5-dinitro-4-chloro 
benzotrifluoride 

Nitration involves che reaction of the followtna compound• in 

reactora: p-chlorobeniotrifluoride, sulfuric acid. and nitric acid. The 

product of the reaction is 3,5-uinitro-4-chlorobenzotrifluoride, and the 

by-product is spent aulfuri~ acid which is recycled. The main off-a•••• 
are nitroaen oxides. 

Aminatlon i& the second-stage reaction involving the reaction of 

),S-dinitro-4-~hlorobenzotrifluoride, dipropyl a~inc, and 10diwn carbonate 

in solution. The prgduct of the reaction 1a triflur~lin and the effluent ia 

brine solution which is treated for recovery. 
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u-C I l orob<'nzut r If I 11or I Ut" 

Sul fur ic Acid Off Cases to Scrubber 

Nitric Acid i 
____ ....__.,__,,.__ __ .. 1 ' ~ / 

NITRATION 3.5-Dinitro-4-chlorobenzotrifluoride 

Dipropyl Amine 

Sodium Carbonate 

•lf 
~"lter Spent Sulfuric Aci~ 

l ,~ 
AMINATION IJ:ifluralin> 

,1, 

Brine Solution to 
Treatment Facility 

FIGUHE 7, SIMPLE FLOWSHEL1 FOR TRIFLURALIN MANUPAC11JRE 
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Raw and Waste Mate::rial Handling 

The raw u.atet'Lls used in the manufacture of trifluralin are 

nitric acid, sulfuric a·.:id, sodium carbonate, dipropylamine, and 

p-chlorobenzotrifluoride. The main toxic materials are the acids, at,d their 

handling practk?.s in chemical indu~tries are well-known. 

Eli Lilly provided infonn,·. ocn of the 1neasures adopte.d to protect 

the nealth of their employees. Thete included wearing protective 

clothing including self-contained bre,1thing apparatus for certain unloading 

operations• isolation piping .ind tank!, for eaC'h ra\ol material, containment 

procedurcd and facllities for accidental spills, routine review procedures 

between operators, and saf~ty and material handllng pereonnel. 

Greater detail uf the product.ion and waste handlina schematic 

is shown in Figure 8. 

~i r Contarni nant Emissions I Sources 1 ~nd _Rates 

The main sources of air contaminant emissions are the nit~ation 

reactor and condenser. 

The main gaseous emissions from the nit::-.'.ltion reactor are sulfur 

dioxide. sulfor trioxide. hydrogen fluoride, hydrogen chloride, and nitrogen 

oKides. while particulate emissions from the reactor consiat of nitrate, 

sulfate, and chloride. Emissions from the condensers are mainlv aeroaol 

consisting of trichlor<:)metharie and trlfluralin. The wa.stewater from the 

plant is neutralized, and subject~d to the conven ional waste treatment 

oi primary c larificatio:1 and secondary aerated biological treatment. There 

&re no odors or other air contaminant emissions during the wastewater 

treatment. Table 9 is a list of the contaminants emitted a~d their 

rates as measur~d by th~ company. 
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__ .,. Excess Acid 

Sold 

Acid 
NH(C3H7)2 

HN03 
Recovery H20 Na2C03 

Storage 
Filter .,_.., Dinitro Amination 

in CHCl3 Reactor 

NOx 
I:-... 

Salt 
Scrubber Decanter Water 

Waste 

Waste 
Water Condenser 

Aromatic 
Naptha 

' Vac 
Exhaust Trifforalin (e.c.) 

FIGURE 8. PllOOOCnON AMI> WASTE HANDLING SCBENAnc POR TRIFLURALIN (6) 
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TABLE 9. AIR CONTAMINANT EMISSIONS, SOJRCES, AND RATES 
TRIFWRALIN MANUFACTURE AND WASTE TREATMENT 

FROM 

SourcQs Particulates 
Rate, 
lb/hr Gases/Vapors 

Rate, 
lb/hr Odor 

;{ate, 
Odor Unit/hr 

Manufacturing Process 

Nitration nitrate 
sulfate 
chloride 

1 
1 
l 

sulfur dioxide 
sulfur tioxide 
hydrogen fluoride 
hyrlrogen chloride 
nitrogen oxides 

3 
1 
1 

10 
3 

None 

~ ..., 

Conden~.e,: ffiCl3 
Trifluralin 

NA 
NA 

None 

Wastewater Treatment 
None None 
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!!,t' Contamin.int Einission Control 

Air contaminant emissions from the manufacture of trifluralin 

arc pri!Mri ly gases and particulates. Control of these compounds in the 

chemical industry is achieved by many methods. but those directly applicable 

to the trifluralin industry are wet scrubbers. 

Eli Lilly uses wet scrubbers and their quoted efficiency is about 

90 per, ent. 

Control Costs 

The Eli Lilly emission control system consist• of 1- a11.d 2-atage 

venturi scrubbers and tri-mer wet scrubbers. The total flow throuah the 

system is about 20,000 standard cubic feet per minute, Eli Lill1 est!mates 

that capital cost so far is about one million dollars. fll1y have no information 

on the op~rut1ng cost. 

Significanc~ of Air ContaminJnt Emlssion 

There are a large numt-~r of air ci;,ntaminant e111issi~,,1 in the 

industry. The State of Indiana has no stationary ~.ource emiHion atandard 

fer sulfur and nitrogen compounds from tt.e process indust,·y. However, the 

e111ission rates of these compounds are small • .. hen compared with the State of 

Massachusetts standards which are 10 lb/hr lor nitrogen oxida1 and 2S lb/hr 

for the process industry which are 10 lb/hr for nitrugen oxide• and 2.5 lb/hr 

for sulfur c-xide.<8> The toxic material enitted c.o the ~nvironment ia 

trlfluralin which, according to pr~sent knowledge, 111 hii;hly toxic only to 

fish and not to -nammals. Unfortunately, ,.!ata an, not available on emission rates. 

Fungicide and Wood Pre"crvatio·.-i - Pent~lchlorophenol 

Pentachlorophenol {PCP) 1s a wood prQservatiVQ, but it ia also 

used as a contact hcrl:,icide. About 7S percent. of the PCP 18 uaed 88 a 

wood preservative for pol~s, crossarms, and pill~gs. 



44 

It is hazardous to 11an primarily becauee it 11 capable of 

causing eye injuries such ss conjunctival redness, iritit, and eliaht 

cornesl damage, In solution, it cun be a~sorbed through the akin to toxic 

amounts. Con~c~uently, its handling re4u1Les due precautions. 

PCP is biodegradable and thus gives no long-term pollution 

problems. 

Produt:tion Inventory 

Pentachlorophenol is manufactured at five chemical COlllt-'•nier in 

five statee. Unlike some agricultural peat1cides, which are reatricte~ 

to the area of intense application, it ii not restricted to one aeographical 

area. Because of its wide application in the field of 1nduatr1al pres

ervation, and logistics of distrib1Jtion, it 1s produced in 1tates widely 

eeparated -- ~~shin&ton, Kansas, Texas, Michigan, and Illinota. 
The p1esent annual U.S. capacity for the 11anufacture of PCP ie 

about 97 million pounds. In 1973, the production was 46.6 million pounde(3) 

and the eatimate for 1974 is about 48.9 million pounds. The manufacturer, 

of PCP, their capacities, and estimated production for 1974 are ahown in 

Table 10. 

Future Production Trends 

With the increased cost of other wood preservatives euch ae 

crude oil and coal tar crudes (creosote), the demand for PCP•• a wood 

preservative may increase, 

Howeve,r I since PCP 1s used almost e,rcl..1sively as a \oiood pre

servative for power and phone transmission poles, the increa1ing ~•e of 

underground transmission and nonwood-related materials for poles, such as 

concrete and glass fibre, will tend to force PCP to peak about 1980 and 

then diminish. Production projection~ t(: 1980 are given in Table l. A 

gradual increa!'lt= in produ,;tiot. .ls fore.:ast from the present 5 percent to 

10 percent by 1980. The greatest i~~etua to production app•ars to be 

the lack of a cc~petini ~roduct like crude oil, which ia supported by the 
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(3 9) 
TABLE lO, PRODUCERS Of PCP IN T}U. L'NI'JEO STATES ' 

Eat. 1974 
Annual Capacity, Proclucticn, 

Comp.:ny Locati~n million lb million lb 

Dow Che01ical Co. HidlanJ, Michiaan 18 5 

Monsanto Indht, Chems. Co. Sauget, Illinois 26 10 

keichhold Che~s. 1 Inc. Tacoma, WK•hlngton 16 10 
Sonford Chemical Co. Hou&ton, Texaa 18 5.2 

Vulcan Materials Co, Wichita, Kanaaa 19 18,7 
Chemicala Dlvision 

T\)tal -97 48.9 



e1timates ~f some of the companie ■ who think that th~ir production will 

double by 1980, The pr~jected 1980 production ta 74.J million pounde, 

Manufacturing Process 

~ ,ost all of the Per produced in the Un1te1l Statea ie m.a.nufactured 

by the chlorination of phenol. A ai:uple reactiein che1d ■ try of the proceaa 

i ■ 1hown bel~w; and the ■ imple schematic in Figure 9. 

OH OK 

Catdy ■ t 
+- .5Cl + 5HC1 2 6 .> )¢( Elevated 

Cl Cl 
Phenol tempet"ature 

Cl 

PCP 

Phenol -----------------, 

Recyde to 
Chlorine-...c HCI ~ Chlorine Primary 

Plant Reactor Aluminum 
Chlo!'ide 
(Catalyst) 

Penta ch lorophenol 

Recovery 

(10) 
FlGU JU 9, PRODUCTION AND WAS TE HANULlNG SCtiEMA rTC FOR Pt'.NTACHLOROPJiENOL 
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The teneral manufacturing proceaa can be described aa follow•. (lO) 

The c:h lor lnallon 1s performed at aubatantlally at1001pheric: 

pressurf' in :i ,·eactor. The temperature of the phenol in the primary 

reactc-r at l' ·.l' start is ln the r!lnge of 65-130°C (preferably 1os0 c) and 

Is held HI r ~, ~ , ,.inge until the meltinK point of the product reachu 9~0 c. 
Ahoul thrt•t- ,,r fo1,r atoms 1)f chl()rine are combined ,t thi1 point, and the 

teinpcratun' 1s pr"grcss1vcly increased to maintain:, temperature cf about 

lu"'c (wer the product melting point, until the reaction 11 c01npleted in 

>•l) hours. Th~ mixture is a liquid, and a s~1lvcnt ls not required, but 

the catal>·st con,c11trl\tion is critical; about 0.007S mole of anhydrous 

aluminum chloride is usually used per mole of phenol. 

he PCP from the reactions may be further treated (formulated) 

to efhc:t mor~ marketable pruducts. At Reichhold, the PCP undergoes ingot 

casting and sltotting e:peratton. 

Raw and Waste !-1aterial Handlin,& 

The raw ~aterials u5ed in the manufacture of PCP are phenol, chlorine. 
and a catalyst aluminum chloride, Sources of raw materials vary from firt~ 

to firm. SotT? manufacturers produc:e these cnatariah on eite. while other, 
purchase the same. 

I>ow Chemical makes phenol from benzene (via mon0c.:'1lo;r-obenzene), 

but this method of making phenol is being generally replaced by the 

cumene oxidation process. Monsanto also mak~s both the phenol and chlorine; 

while \'ulc3n makes the chlorine, but purchases the phenol, and Reichhold 

makes the phenol, but purchases the chlorine. 

While some coinpanic~ report that no particular precautions are 

taken at PCP plantR, oth~rs poirt out specific precautiona auch aa handling 

chlorine and phenol in clo&td syett:111~, and the use of plant coveralls, rubber 

gloves. safety glasses. gogtil· ~:, and hard hals, There are occaaional face 

shield~ and renpiratora for employee protection when the •ituation calls 

for their 11se. 
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Al r Con:omuwnt li_miss 1ons 4 Soun:cs 1 and Rai.!!, 

In the manufacture of pentachlorophenol, there are three 11&in 

110urces of air emissions: the PCP reactc,r, in&ot and 1hott1111 operation, 

and the acid sy11tem reactors. At the PCt reactoT, the following compound• 

are emltted: chlorine gas, hydrochloric ~cid vapor (HCl), and chlorinated 

phenols, At the acid ~ystcm reactors and process vents the chlorinated 

phenol nnd chlorine are e~itted. The particulate emi1 ■ ion from th• manu

facturing process is limited to PCP dust from the ingot ca•tina and •hotting 

operation, 

There are no air contaminar,t am1aa1ons reported from the vaate• 

~ater treatment. The 1ourcea of eatsaiona and pollutant• are aiven in 

Table 11. 

Air Contaminant F.miss1on Control 

Major emissions from the manufacture of PCP are 1aae1 and parti

culate&, vhich are amenabl~ to che~ical industrial air p~llution control 

techni~ues, Practical controls used in the industry are acrubbert for th• 

gaseous emhsions, and filter be.gs for t:hfl paTticulatee, 

Reichhold by-product recovery systems and air pollution control 

eyaterns for gaseous and particulate emiesions are shoWTI in Piguree 10 and 

11, respecthely, The control methods ill terns of effic.ienc:1H are deecribeJ 

in To~le 12. 

Firms respondini to our ~uesticnna1res reported that under 

proper operation of these.control device~, exhaust effluent• are inv11ible 

and free from odor. 

Cost of Contr'll 

Reichhold gave the fr>llo"•ir.g control costs for their 12-milllon

pound-ca1>ac i t.y p ! .int: 



TABLE 11. AIR CONTA."lINM"T EMISSIONS, SOURCES, AND RATES 
~~ROM PCP !-lANUF'ACTI!Rf-: ASD WASTE TREATMENT 

Rates, Rates, Rates, 
Sources of Emission Particulates lb/hr Gases/Vapors lb/hr Odor Odor Units/hr 

:'iilnufacturing Process 

PCP Reactor None (l) chlor~nated phenol 
(2) chlorine gas 
(3) Hydrochloric acid 

vapor 

Acid System Reactors None (1) chlorinated phenol 
t-(2) chlorine gas '° (3) Hydrochloric acid 

vapor 

lngo t Casting PCP None PCP 

Shottin~ Operation PCP None PCP 

Wascewater Treatment ~one 
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FIGURE 11. DUST COLLECTOR SCHEMATICS FOR THE PENTA EMISSION f.ONTROL 
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TABLE 12. A I H CONTAMINANT CONTROL METHODS 
USEll IN PCP MANUFACTURE 

Control Efflcicncy, Compound Controlled 
Systeai percent Control h·<l Emieeion, lb/ton 

Wet Packed an;J 99-100 c12 N.A. 
Venturi Scrubber HCl N,A. I 
(with water) Phenol 2 ~. 

Sodium Penta 4 .32 J./ 
chlcro phenate 

Dust Collector 99 PCf o.1 kl 
(bay filter•) at Fume 
ingot cas tins 

at shotting opcrJtion 95 PCP 1 ti 
=a:sa=a=:=.ao:a:::-=::======-::ic:==-:z=:===-=-l:::'!IO-=i:::::::a=---..----~------
(a) Controlled L!:nis~ion reported by Monsanto based on 1974 production. 

(r,) Control led ,·-:-,Lssiun reported by Reichhold based on 1974 production. 
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Name of Control Device 

Bag filte-r (2) (1) 

(2) 

Mechanical Seals (for l'CP reactor) 

Ce~1tal CoaqS~ 
2000 ft 2* $ 10.000 

450 ft 2 

so.ooo 

Opeutin& 
l C,2st ~~/ir) 

$ 6.000 

6.250 
Phenol and Acid Scrubber 80,000 1.000 

*Area of bag filter. 

According to R~!chhold, the greatest problem arose from the dust 

coll·ctors because oi the lark of reliability. They consider dust emissions 

less than the present 1,0 lb/ton to be too restrictive, since this will 

require additional capital expenditures in excess of $100,000 and operating 

costs of $10,000/year for their plant capacity of t6 million lb/hr, 

Significance of Air Contaminant Emissions 

The q•Jality of air contaminant emissions in the manufact1Jre of 

PCP is significant due to the fact that large numbers of compounds arr. emitted 

at high emission rates. The control of the emissions is desirable a, a 

method of recovery of materials. Since PCP is toxic to human reapiratory 

tractR and eyes, its very efficient control is recommended. The present control 

method which uses inadequate cloth area of ba~ filters ne~ds auamentation. 

Fu;ml;u.nt - Paradichlorcbenzene 

About 50 percent of the paradichlorobenzene (PDCB) is used as 

lRvatory space deodorant, nbout 40 percent in moth control. and the rest 

as reactive ~nterrnediates in the production oi chemical• auc .. as agricul

tural pesticides and as an industrial porosity control agc~t. 

PDCB causes moderate irritation to the human eye, throat, nose, 

and skln, with ~everc probl~~s on long exposure. Continued exposure to 

PDCB vapors for months or yeara ~auses headache, portal cirrhoeie. or 

atrophy of the liver.Cl) 

PDCll undergoes biological, nonbiological, and sunlight degrad

ation at a moderate to rapid rate. 

https://liver.Cl
https://Fu;ml;u.nt


Paradichlorob~n~ene is manufactured by eight companies in nlne 

state~. These companies, their plant design capacities, and e■ tim■ted 1974 

produ~tion are given in Table 13. 

TI1t' annual U.S. capocity ie about 150 million pound ■• Capacities are 

flexible and throughput depends on demand and available feed•tocks. Benzene 

has been in very ~hort supply recently due to decreased petroleum supplies, 

The production for p-dichlorobcnzene in 1972 and 197J was 77.3 and 85 million 

pounds, respectively, and the 19i4 production is estimated to ahow a moderate 

incr~ase of about 93.5 million pounds, Generally, production haa varied 

from 50 to 60 percent of ,1ant capacity. 

Future Production Trends 

Based on demand and raw material availability, production of PDCI 

1s estimated to increase by about 2 percent per year through 1977.(ll) 

Various arguments hnve been presented for growth projection, Some feel 

that the growth rate will be at least in line with groH national product and 

an increase in disposable income, while others feel that continued ri1e 

of polyester and newer synthetic fibre at the eKpense of wool and cotton 

,,m11ld tend to level off product.ion. 

Two smaller suppliers of PDCB have withdrawn from the market 

since 1970, but expansions by others i~ the business have more than 

compensated. Most producers see little or no growth for p-dichlorobenzene. 

Still, there is strong feeling by some that the demand for the apace 

deodorant used in restaurants, public buildings, etc., will continue to 

gro\..' and the moth control market will hold its own.( 11 ) Projections up to 

the year 1980 were provided i~ Table 1, and the production by the end of 

the decade is estimated at 112 million pounds, 
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.:ABU: 13. PRODUCr.kS OF PARADICHLOROBENZENE 
IN 'l1fE UNITf:O STATEs(3,4) 

Annua: 1974 
Capaci ti, Production 

Company Lo,:,1t ion lb x 10 lb x 106 

Allied Chemical Corp., Syracuse (Solvay), N.Y. 12 9.0 
Industrial Chems, Div. 

Chemical Products Corp. Cartersville, Ga. l NA 

Dow Chemical Co. Midland, Mich. 

Monsanto Industrlal Sauget, Ill. 12 
Chemical 

PPG Industries, Inc. Natrium, W. Va. 21 
Industrial Chem, Div, 

5C•) Solvent Chemical Co,, Inc. Malden, Mass. 12.0 
Niagara Falls, N.Y. 10 

2 (b} Specialty Organics, Inc. Irwindale, Calif, 2.0 

60(b) Standard Chlorine Chemical Delaware City, Del, 24.0 
Co,, Inc. 

TOTAL 141 

===:z,::=====::a:::a:aa::::z:=z===:-==:o:=:===•==-=====------------
(a) Production will be phased out in late 1974. 

(b) These are processors--they buy crude r,ixed chlorinated benzenes 
and purify them. 

https://PRODUCr.kS
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Manufacturing Process 

Paradichlorobenzene 1s produced almost entirely as a by-product 

from the m3::1ufact11re of monochloroben.:ene, which is produced by the 

chlorin~tion of benzene. Generally, prolonged chlorinatlon is used to 

produce various by-products besides ?DCB, ~s sho~'ll in the following reaction 

chemistry: 

Cl Cl Cl 

Cl2 [:'ii > 6 + Ot + 0 + 0-ci. + + HCl 
:-... ~ 

Cl 
Ortho P.ara Rcnzcne Chlorine Monochloro Polychloro 
Oichlorobcnzcncs bcn~ene benzenes 
(10•20¾ yield) ( 70-75~~ 

yic ld} 

Benzene and chlorine are reacted in a chlorinator. The p~oduct 

ie neutralized by sodium hydroxide with the recovery of dichlcrobenzene. 

The production and waste materiel handlina are shown in Figure 12. 

1111111,..,ncl..-
B, • ltflt 111d thiafollellltM 

Chleroltt11JIM 

''"""' 

D•thloto, Ollcl 
pol)thlo,OWIIHII• 

• ·••Llllllilll 

FIGURE 12. PRODUCTION AND WASTE HANDLING l 2 
SCHEMATIC FOR PARADICHLORORENZENE( ) 



Raw and Waste Material Hanali111, 

The essential raw materials us~d in the manufacture of PDCB 

are: b~nzene, chlorin~, and sodium hydroxide. The main toxic materials 

th~t need special handlin~ dcring PDCB tnanulacture are chlori.T.e, HCl, 

anrj PDCB, Most f!rms do adopt some p¥ecaut1onary measures for their em

ployee~ sue~ as wearing of plant coveralls, rubber alovea, go&glea, 

safety glasses, hard hats, and face ahielde and respirator• when necessary. 

The material flow within a typical plant is ■ hown in Table 12, 

At Dow C~e~ical, the HCl by-product is apparently recycled to chlorine 

production while t~ichlorobenzenes are recovered. 

At Monsanto, the HCl io recovered as muriatic acid with only 

small a~ounts escaping through vents or going to a wa1te treatment plaut. 

The PDCB vo~k area is ventilat~d and the P.Xhaust air goes to a wet acrubber. 

Mon~anto is reported to monitor the PDCB concentration level. 

Air Contaminant Emissions, Sources, and Rates 

Sources of air emissions are chlorinator, PDCB recovery aystero. 

and th~ press room, The pollutants emitted are hydrochloric acid. chlorine. 

benzene, chlorooenzene, and PDCB. Data are iinavail."-ble on the rate, of 

emission of these compounds, making the nationwide emiaaion 1tatu1 diffir.ult to 

estimate, Pollutants emitted from various sources are presented in Table 14. 

Minor emlssions such as chlorine and HCl are given off at the 
w.astewater treJ.t•1ent plant. 

Air 1 :onta.minant Er.·~_ion Control 

Among the pollution control equipmPnt used to control the gaeeous 

and particulate emissions are wet scrubbers and absorption columns. An 

~3timate of co~itrol efficiencies at the 3tandard Chlorine Company 1& pre

sented in Table 15. 



TABLE 14. AIR POWJTION EMIS:,IONS, SOURCES. AND RATES Fr.DH 
PARADICHLOROBENZENE MANUFAcn.1RE AN') WASTE TP.EATMENT 

Rates: Rates, Rates, 
Sources of Emissions Partkulates lb/hr Gases/Vapors lb/hr Ooor Odor l'nits/ht' 

Manufacturing Processes 

Chlorinator (1) 1-'Cl Same 
(2) Benzene Same 
(3) ChlorobenzPoe Same 
(4) C1 Sam~ 2 

P-dlchlorobenzene PDCB Chlorobenzene Sar.,e 

Recove:-y Chloride 

VI Press Room PD~B Same 00 

Wastewater Treat.llM!nt 

(1) Cl 
(2) Hct 
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'fADLf 15. A IR POLLLITION CONTROL AT STANDARD 
CHLORI~E 

\.Jnt 1•r fJC'V ! ..: .? 

~·( E ff J. c i t' nc y . 
percent 

Comp(und 
Control led 

Wa::er Scrul,bt:!r 9() ( l ) 

(2) 

(3) 

(I+) 

(5) 

HCl 

denz1:ne 

Chloroben2:ene 

Dich lorobenzene 

Paradic:h lllroh~nzene 

Absorptirin 
Column 

95 (1) 

(2) 

(3) 

HCl 

Ch'.orobenzerie 

Be \Zf!ne 

:.=.=-..,..;;;;;;:ac ·::z-

* •.:on tr,) llPd 
company. 

·-

L'r1iss lun da t.<1 WCI<· not pl ovided 'J y .iny one 



~ome compani~s, for example, Allied, ~~lvent, and Specialty, 

with annual cupacities around 10 million pounds, do not ucilt1e control devic••• 

They argue that it will be too restrictive if they are co~pelled to have all 

p-dichlorobenzene operating areas confined and exhauAt air sent through a 

scrubbing system. The size of the control hood will be too large due to the 

extc>nsiv,, ,rea involved. 

llo•,1ever, Standard Chlorine has contr,:,)_s in place (wat~r scrubber 

and column absorber as given above) and the Monsanto Induetriea controla by 

means of '-',ltcr scrubber only. The press room is not controlled. Emiaaion 

frow this urea is primarily PDCB. 

The acceptable level of paradichloroben~ene u1ud •• the Threahold 

Limit Value by American Conference of Governmental Induatrial Hyaieni•t• 

(ACCIH) i~ 75 ppm. It is not known whether the conceptration in the pr••• 
room exceeds this range, einee there are no measured data, 

Control Cost 

Gtandard Chlorine provided the following co~trol coati. Standard 

has an annual deeiRn capacity of 50 million pounds. 

Capital Operat1ng 
Control Systt>m Size Cost($) Co1t(S}yr) 

Water Scrubber(2) 48" 6 16" 2a.ooo 40,000 

Carbon Absorption ]00,000 NA 
Columns 

Significance of Air Cor,taminant Cmission 

\ 
The nature of the pollutants emitted during the manufacture of 

PDCB requires that these substances be controlled, Th• control of PDC~ 

to about 75 ppm in the working area is significantly important b.,cau1e of 

ice high to><icity to humans.•·, There ere no source emh1i0n standard• for 

these compounds for the industry. Comparison with standard,, if any, 

established for similar industries is not possible since the emission r&te» 

are not known. Further study is, therefore, requi~ed tc be able to adequately 

ass~ss the significance of these emissions. 

• 75 ppm i.s tht' toxic level for hu:nans, 
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APPENDIX B 

SUMMARY OF NONPROf!RIEI,;~RY It'FORMATION OBTAINED 
FROM TH.£ SURVEY OF PESTICIDE PLANTS 



-------

TABLE R-1. Sll~A.RY OF AIR CONTAMlNA~T F:MISSIONS, SOURCES, AND RATES 

Peaticidc 

Mt!thyl l'.1rathion 

Toxapliene 

MSMA 

Trif l ura l in 

Major Compound Rate1 1 

Suurc~~ Emitted lb/hr 

l. Reactor P205 
H S 460 2 

2, Chlorin.:itur HCi 

s 420 

) • MPT Unit NaCl 460 

4. Waste Treatment Incinerator so 1550 2 
P205 

Wastewater n s 
2 

Mercaptan 
--·----·-----------------------~--

1 , (:) - Pinene Product ion 

2, Camphene-Production 

3, Chlorination - Toxaphene 

4, Toxaphenc Granular 
Production 

5, Wastewater Treatment 

N.A. (II) 

N.A. 

HCl 

Cl 2 4350 

Toxaphene 

-·---- -- ·------
l. Sodium Arsenite Production 

2. DMSA 

3. MSMA Production 

4, MSMA Processing 

5. Waste Treatm~nt 
·-·-- ---·----------

1. Nitration 

2, Condenser 

Aa 2o 6 • 44 X 3 
CH Cl 3 
CH 0H 

3 
{CH ) o 

3 2 
N so 

2 4 
HSMP. 

MSMA 

N.A. 

Salt of Nitrate, 
sulfate, chloride 

HF 1 

so 3 2 
Nitroaen oxides 

CHC13 
Trifluratin 

10-8 

3 
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TABLE E-1. SUMMARY OF Arn CONTAM.lNANT 

l'e1 tic" idc 

Pen tach J.oropheri~, 1 

ParJdichloro-
be1,.:enc 

(a) Not available, 

Sources 

Pentachlorophenol 1 ' 

Acid System ~.Jac.:.ur., 2' 

3. Ingot Castlng 

4. Shottin8 Operation 

5. Wastewater Treatment 

1. Chlorinator 

2. Recovery 

3. Presa Room 

4. Wastewater Irea tmer.t 

EMISSIONS, SOURCES, AND KATES 

Major Compound Rate ■ , 
Emitted lb/hr 

Chlorinated 
Phenol 

Cl 2 
tiCl 

Chlorinated • 
Phenol 

ijCl 

Cl 
2 

PCP 

PCP 

N,A. 

HCl 

Benzene 

Chloroben1ene 

Cl 2 
PDCB 

Chlorobennne 

PDCB 

Cl 2 
HCl 

https://Jac.:.ur


TABLE B-2. Sl'!'il".\R'i or AIR U<ISSIOS CONTROL DEVICES. EFFICIENCY, "-"::l COST 

Pe ■ tlcide 

ttethyl Parathion 

Toaapheoe 

Trlfluralia 

Pentachloropheaol 

ParadlchlorobenEene 

Source of 
Information 

~nsar:to 

Monsanto 

Mons;ir.to 

Hercules 

Herculea 

Hercules 

He:-culea 

Dia1110nd 

o\naul 

Diamond 

EH Lill:, 

Reichhold 

Reichl,old 

Reichhold 

Standard Chlorine 

Standard Chlocine 

Standard Chlorine 

St~ndard Chlorine 

Control Device 

incinerator (H s, s, mercaptan)(a) 
2 

Water Sciubber (P2o5 
, HCl) 

Brink Mi1t Elimin~tor (P2o for vl ■ ibillty) 
5 

Alkali and Water Scrubber (solvent vapor, HCl., Cl ) 
2 

Stripping (solvent vapor, HCl, C1 ) 
2 

Limestone Adsorption (aol•ent •apor, HCl, Cl 1 
2 

Baghouse (tox.aphene) 

Baghouse (A1 o ) 
2 3 

Water Scrubber (As o ) 
2 3 

Acldi(ier Vent Scrubber ■ 

1- and 2-Stage Venturi Scnbber and Trl-..r 
Wet Scrubber 

Packed and Venturi Scrubber (C1
2

, Phenol, acid■ ) 

Bay Filtera (PCP) 

l'techanical Seala (for PCP reactor) 

Vater Scrubber ■ 

(HCl, benEeae, chlorobeaaene, etc.) 

Abaorption Colu.a 

(HCl, bea&ene, chlorobeaaeae) 

Efficiency 

(b) 

95 

99.9 

100 

90 

99-100 

95-99 

90 

Capital 

8,000 

500 

1,000,000 

80,000 

70,000 

50,000 

28,000 

100,000 

Operating 

200 

100 

1,0~1) 

6,000 

6,200 

40,000 

(a) Coapouada in 5N1reathe ■ e ■ are controlled bJ the precediq control clnlce. 

(b) Blanu abow uta not •••ilable. 
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rABI.E 11-3. LIST OF CONTACTS IIAVING l::XPF.RTISE AND SOUkCES OF 
SIGNIFICANT INFORMATION ABOUT SELECTED PESTICIDE INDUSTRIES 

Representative. Affiliation, Address 
and Telephone Number 

The Ansul Comp~ny 
Alan L. Haase 
Marin\.!ttc. Wisconsin 54143 
(715) 735-7411 

Di~mond Shamrock Chemical Company 
W.R. Taylor 
1100 s~pcrior Avcnvc 
Cleveland. Ohio 
(216) 694-5000 

Hercules Incorporated 
H. E, Hicka 
Brunswick, Georgia 31520 

Eli Lilly and Company 
Arlie J, Ullrich 
lndinrapolis, Indiana 46206 

Monsanto Industrial Chemicals Company 
P. E. Heisler 
Sauget. Illinois 62201 
(618) 271-5835 

Reichhold Chemicals, Inc. 
J.C. Manlove 
P. o. Box 1482 
Taroma, Washington 98401 

Standard Chlorine Chemical Company. Inc. 
!'. F. Romano 
1035 Belleville furr.pike 
Kearny. New Jersey 07032 
(201) 997-)700 

Stauffer Chemical Company 
Dan Simmons 
Mt. Pleasant, T~nnessec 
(203) .?26· 1511 

Vulcan Materials Company 
R. A. Bondurant, Jr. 
P. 0, Box 545 
Wichita. Kcnsas 67201 
(316) 524-4211 

Conment on 
Uaefulneaa of Contact 

Production data and control 
given. 

Production data, control 
method. and cost ■ given, 

No production data, aimple 
■ tetement on proce••• 

No production data. 
Emis1ion data given, 

No production estimates, 
but control method• and 
co ■ ta were provided. 

Very Rood reepswpe. 
E1timate1 of production data, 
production and control flow 
sheet and coat ■• 

PToduction data. control 
~ethod, and coat given. 

Production data only, 

Production data, control 
m~thod 1 and coat provided, 



APPENDIX C 

SAMPLE OF LETTER MAILtD TO SELECTr.Q 
PESTICIDE MANUFACTIIRING CO~PANIES 



August , 1974 

Gentlemen: 

Batte lle I s f..ol umbus Laboratories under contract to the Strategic StudiE'S 
Unit of chc Office o! Pesticide Programs, Envti:onmental Protect10~1 Agency 
is working to develop backsround information and determine the •~gnificance 
of cn1issions fror:1 pcstic1.de plants. 

For this study, the followi~g six pesticides have bPen selected: 

(l) lnsecticidel • },t,J thy 1 Parathion and Toxapht>nc 

(2) Herbicides - MSMA and Trifluralin 

(3) Fungicides and Wood Preservative· Pentach'l ,,rophenol 

(4) Fumigant - P·Dichlorobenzene, 

One of the objectives of this information ~•thering is to obtain !actual 
infomation from the manufacturing ind1!Hriu so that det~'1111nat.ion can 
be made of 

(1) The extent of ambir.t emi !'Ilion of the peatf.cidea 

(2) The type of compounds em~_cted 

(3) Currently employed m~chods of emission co:1trol. 

I-'rom the above data, the at.idy will seek to p1·0.~ect future emilaiooa, t'elate 
it to similar emission frum other ~ourcc.-i:1 1 end thus obtain a quaT1cit:,tive 
esti!:'.,a.te for the s1gn1f:,.cance of. pc,sti~ide e11".iuiona crom the 1111..nuf'.t..lcturing 
l!h:c tor. 

Pleas~ find attached a iiec cf s!.A. que'H .1.ons, whir..h we requ-:.:at you to c01nplete 
and return to ur at your eai·l kf ~ conv,~nience. "1e "-i 11 keep ar.y information 
you supply within BCL files !to that tile confid,;rntaH.ty o! ,·ou•: datr.. ii preeerved. 

We appreciate your will iagnes.'I to cooperate ttnd woult:: 11Ke co auure you that 
any assistance you will provide will be of iw...o.ense value :o thil 1tudy required 
unde1: the Clear. Air Act of 1970. 

Cordially, 

C • N. lfea<h 
Research Scie~tist 
Waste Control ~nd Proce~a 

Technology Sc.-~tion 

Att~chrncnt: Ques~ionnaire 



Num\' of MLlnuL1ct.url11r, <.\1rnpany 

Addnss 

7/, 

Name, position, and phone number of person reeponding _____________ _ 

Name of pcstici~e produrcd 

Ques~ion 1. Design Capacity and Production 

Ye£ 

1970 

1971 

1972 

1973 

1974 (Estimate) 

1975 (Estimate) 

D~sign Capacity, 
m11 lions of lb 

Months 
In Op:!ration 

Actual Production, 
million& of lb 

PTovide details of any t ,1cal or eco~omic situation that may affect future 
increases or decreases ~n your plant production. 

Question L. Process Description 

Give a bri~f de~cription of the processes used to produce the peeticidc. Spe~ify 
~ile raw materials, by-products, and waste materials. P_mplify with •i~ple production 
chemistry and att,ic 11 simplr, flow sheets, 



Quc5tion 3. Raw and Waste Mate?'ial H~ndling with the Plant 

Particular attention is g~~erally Faid to mat~ri~la handling within the plant, 
alncc the raw 3nd w.'.lstc> materials may have high toxicity. Briefly deacr•ibc the 
orccautio~s token in vour plant. 

Question 4. Air Contaminant Emicsions and Control 
---,--Fon CompoundR ~ontrolled ' ~lcthod of l:miuiona EfficieilCY 

c_es Emitteci Yea or No Control (lb/tnn )* 

Manufacturing Plant 
llll I 

Particulates 

Ga&eb 

Odor 

Wute Disposal Site 

Farticulat1:s -
Gases 

Odor _L__ 
* Or any ot'.1er unit em!)loyed by your facHity. 

Describe briefly the emission control system ur.ed in your plant for particulate ■, 

gases, odor, and visibil~ty cor.tr~l. Describe Froblems of vi1ibility aud odor, if 
any, arounJ your plant. lnf~rmation or nature of odor complaint•, if any, from 
the public in your area will be uaeful in obtainins an idea 0£ the ~dor problem, 
aaaociated with your pldnt. 

(,.) 

-
-



9He•tion 5. Coit of Emiaaion Control ~yete~ 

Name of Control System Capitdl r~,t ($) 2P.tr&ting Coit ($/yr) 

----------

ouu U£n~. 

Pleas~ indicate Lre statu• of air emi1sion1 from your facility•• (a) acceiitable 
(b) neecia lm~Tovementa? Co1T1Dent on the ficonomic impact of re1trictin1 the 
emisaions from your plane ~o level• considered (a) reaaonable (b) too ~••trictive. 
State what you think theaa level, 1hould be. 
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