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Dda report baa bem p .. pued ror VJIDIO 1n aoooNIDe• wltll tbe111 

tenu or reter•noe dated Augut 20, 1986, aria1Dg hca •• lllOPAL 

ti•a•kr. !be -in tibruat 1• cm preYtnt.1.on ot suab aocd4ent. • 

_with the Nlen.nt polle1 1•8'188 m4 the i.>le ot WIDO. 

Cbapter l ••ts th9 aoene v1 th a 4aaor1pt1on ot aie JllOPAL 41.aaat.r 

v1 th partielliJ.ar empb.aa1a an the leaaona learnt tihere:tro&. 1he 

next two chapter. deal Vi.th preTentian ot aooidmlta Cring prot1-

uot1on, atorge and d1atribut1on or hazardou. oh•ioala. Both 

the harchiare aa well a• aottvare upects ue ooTered. Chapter 4 

deal.a W1tih technology and ita tranat'er 1n part1oul.ar N.tUWl•• to 

Cnalopi.Dg oountrtea. th• Piabt goft:npet polloi•• om • a 

long VQ 1n preYen ilDg aoo1denta/d1aaatera - tawao .re deaoribe• 

1:i Ob.apter .$. the last cha;pt.r (6) .. aaiaea fih8t •iDO• the 

•world is Bbopal' • international ooopel°1&t!.'>n is a 11Ut. !be 

Worlc Bank and UNIOO haYe al.reac!f rendered ftl'~ le eon"91but1on. 

bl.it more rema ina to ·oo dona. A progr&lalle ~ •rk for UlilOO 1• 

outlined in t.he last Wt> pag••· 

1he BB.OPAL ir. a tragedf or error•, b>me:n and other•. ~ Ch•mobfl 

L.iahap as alao t.ile b"'..ovu;. of the Challenge~ have ~Ml been aser1 '>-

ed \Cl a !!erieis o! •.a11man Judgements.' SUoh statell8nta, though 

correct, do. not ma}re ua wiaer. Kan do•• •rrJ' but he l•aJ'DS and 

erre leae and leas u a Nault. Only a tool pe1 .. e1"1ere1 in err­

ing. In 11117 oaae. one mJBt go ~hind the •t1Uat1on'ai and. ••S•t,-
1c headlillbs, to get at ~ root eauoe lf an ace!aen1-. 'lben al.OD6 

ve v11l be w1aer anci err l.flsa. Can JD5r. -. Gba:lgei ao u never 

to ..a ~nt.akoaT 

Perbapa, notJ &, incteac: of tryini, tc,, ~gt.. p&ople, 1t may be 
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~ar better to bf ehanglq the altaaUon. I' la.- eule toe 

ana 1lbl& la •re lt om •tteo'1Yel7 J'9duo• tibl tbauca er a 

Uauter. md al.80 .. -.. er JdnSwf.. the tr9g1o .tteota., tbere­

ot. Bov to ehep b •ltuationT 

Sat'ety au\ •tart at th• trav1ng bou-4 • '-P• ~· '-net!.~ oi: 
,(Ill.~~ 

8P.enc!ina adequate t1JM ad mo1»7 at thi• •tase un -~-
tr... Sc n..... . 

p , ... oaaea., it -'f ewm leac! 1aD :renetloa ot the pmjle\ 008\. 

Per the lhopal plant, tor •:umple, reduaing or elbdnatillg th• 

RIC atora~ voUld rehce the plant ooat an~ llale 1 t .. rer -

ainee th• ri•k at atorage atage 11Duld be •li.Jll1nate4 oomplekly. 

!h!a 1a pr.c1sely what has been done by SO?llL' of the oiher aanu­

tacturers or t.h1• material.. 

Aoc1&mte 1n the ob.eaioal 1nduatl'J can be "duoed b? har...ng 

properly 4ea1gned :--C"et,- 4n1c .. 'lh.1• oan fall, ao 1t oan be 

auppl-.,,te4 'bJ' a tail-aaf'e device. And on• oan ~ on, there 1• 

no ~d. But 11' the 4ev1 oes are not .._L.,,ta1ned in prop•r vorkin~ 

eondi t1on, they are no better than a •1ngl. e device. a .. " does (\ne 

em Uft their wo1'1drt.f m nd1 t1on '? Maintenance - p1"'0per anrl pr"vent-

1 ve. Par more 1mpor~an t, howver, 1• t.c ha Ye •a! ety • culture • -

at all levela right to the top. ·1be hardware {safety devices} 

one an buy and 1natal~ all one needs 1s mane,,." but cul tu.re! - . 

!hat•• the crux. It can."lOt be bouSit at any ;>rice, it hae to 

evolYe itael.r starting .tl'O!t the top. Cc~..itme."'lt at the ~P leTel 

is a KUS~ - tJ> rrevent and manag~ dia stera. 

2hie requires educat1on/tl"a1n1.D£ tLt all levela. Thff oompan?' 

eoncemed ie the vorat •ut'.!'erer in oaoe ot a d11a1ter, henoe 

t.bere 1• a atrotJt caae ~or aelt-po11o1ng. Dlvelop111£ eountriee 

are con!'Uae~ on t.he tn>e or technoloQ (appro~riat.e/1=>overiehe4 

or mode:rn/advancodj to adopt ano ho" t~ reall1 bCle1'! t from 1 t. 

Theae AN acae ot the areu ld>.er• UIIDO have a rt t.al. role. 



!here ban be• BlDJ a !bopala 'betoN tllll EOPAL. bat Vltih a 

titterenoe. BHOPAL baa ~ out '° m tll• voH' •T•P ln4Ut­

r1al diaute!". 

OBCi DI A ~U'STIKBT 

lllOPAL, one hopea. la a onoe 1n a lil'eU.- d!.Qater. lbt th1a 

S8J •rel1 be a vlshrul. tbtnJr1n.g. unleaa ve 4o acaething about 

1 t wov. And ac t1on ia requl i.• at ALL le Tela & 

In'1Yldual 

Cor.aunity 

Countrr ,, and laat 'tK&t not leaat 

Global.11 

!here are mallJ" a potential ~pala aroun• th• vorl'- wt p&Pt-

1oularly 1n ~e deYeloping world. !'he cloTal.ope• world is not 

immune ei th.er,, witn.aa the mni-lhopal vh!ch hap~-aned at the 

.!llopal-t;·pe plant of t.he same coup~ (\lnion Carbide} at Ina t-

i t;..ie, We~ t Vi rr,inia (US!), e1gh t month& later th.81! the IEOP AL. 

And t.h.tf despt lie the fact that the lH.on:; l•amt tr-oa 1'10rlL 

hac! beer. t:?""anala tee !.nto action at the lnati tute plant. A.a an 

£~tenuth to ll!OPl..L, ! t has been tound th.at aini-lllopala are 

lu.~kint: round th6 comer ttt aQD, ab.mi.cal pl~ntll •Y•J7Wb.er.. Of 

ooar~e, as wt" f·Cint out ln t.ile ·next aectioh, a Blopal or a m.1.ni­

&-.. opal ca;~ occur not only at th.u production plant,, 'but alllO at 

tr·anaport a:ad storaga atagea. The•• hav~ happen.d betore ad OIM 

au t not oTerlook any TUlnerable area. hr prnent1on ot Blopal•,, 

one ~t! 

'l'Hllif. 1LCBALLY I BVT AO! LOC4LLY. 

Anc 1?. this l!.tht, t.he p:r9sent atudJ bf mfIDO, ae also ••rli•r 

atuai•t bJ liitorld Bank llJld other 1'11wmat1orWJ. apnoie•, •• ume• 

y,r•at n,:gni.r~teanoe. 



! Lml'ARI D <m1ll94 Im1!1'J!I 
!be •rl4 ba4 nner heard of lbopal. a tio111l 111 tb a peJ*l,aUon 

of ju.at under ODt 111.lllon people and \ih• eapi \al oi tr •~ th• 

ata\e ot lladb.Ja Pracieah (India). 11D'11 tb• •ning of Deember 

l, 1984.. 'ltier·nl'ter tor HY•ral cla,-a, 1bia man--de tiaater 
~ 

doatnate4 \tie terlcl .. d.ia an• eT•l"JOU nel'J'1tl•N 'llhere !hopal. ,..... 

va• and mat happened t.hen. 'lh11 •ns.,titllare• hlppened at n1f'}lt 

but 1\ wu :real" Total 4•th• were. pemapa, 4000-SOOO - poaa1bl.,­

more - and tb• number exoee cb th• 4ea t.h• repoptecl ~01· ALL th• 

1n4uatr1al accid9Dta vorlMde in the pa•t 40 ,. .. ra. '1he Di@ht­

.. re vae, •roitully, a brief om tor ti. .... bllt .tor the •urY-
1YOra "10 were exposed to th• deadly at.hyl1aoeyanate pa (KIO) 

th• nightmare •y be 11telong ant' eYen b'J'On.d becaWle of ta. 

•11r1oua genetio ett.cu. h~• oiw-thiri ~ bal.t or tba entiN 

population of lllopal town vaa a.N'ected. 

lio wonder th.tit ~pal became a t'11111ar nmne •Yerwhere. It QU&ll­

fied as one of the ten major eYenta ot .l964, a cllatim tion 1 t 

oou.lt well h'-Y~ done without. In t.he oha:;Ucal 1nc!uat17, it har 

beooae a landmark and ~:E: 1ntuet19J v1ll naver be the sme here­

after. Jfo wonG.~r that an .f-nterruational •J'lllp0•1um (Lon4Dn1 1oT 7-8 

1985i held a year atter B~OfAL wee ent1tl6d: 

-ibe Ol8!!1icel Ir.dustry After Hbopal 

Its prooeed.inPE contein 18 paper• p ..... fter.ted at ll:>n~or. ~~ al~c 

th6 dlsouss1on thereof. 1.11 aspectP, 1nc1'1r.!in,t technies.l, legal, 

insurance, public relations, safety. and l'!ak ••aesment are 

OOY•r•~ ~'t. '!be Inte:rnat1oM1 Organ11t~tion o! Cona\m19rl Un1o1' 

(IOCU) at 1ta World Congr.aa in Bangkok jult a t•w •a79 attei­

tb• Ellopal t:ragedy paaae4 a ~solution citi tled: 

.lnot.h•":"" :llopal - Hev•r AgainJ 

IOCU follov•d thi• ur "1th e ,,,,lfl·;.: reti.~,111 ve work on ~.e IUbJeet, 



NfftlhSftC'l.7 entl \le4( ) I 

!be l.eaaom et llaopal 

s 

A wll·N•••rebet "POrt. lt ll•t• enr 100 nte.-.... Ve 

baT• alao OOY•N4 the nor• oomtl'Qlt1Y• •8J>•eta <••&• • l•••u) 

•la&W.re ( IS:-tj. 

BSPAL l".•£ became •• -oh ot • landmark in tb.6 chem1cal lnctuat17 .. , 
!hree 111le lelan4 = -1n the nuobar 1n4u•t1"1 

& CbeJ.lenger ·dlae ate:r(l986) - 1n the spae£ programu 

!he 'I'M! incident 1r. Penne!l't"'al"..la (US) did not. tort-:JDately eauae 

anr oasultles. Yet,, it hae tlf'eat!y led to a loss of •C111e $4 '0111-

ion direct and prc'·oably ll'll«il llC.'re in terma ot indirect oo•ta. 

An~ 9Ten more serious has been i:be lose ot public lon.t1denoe 

eve~ere, bu4; par'Cieula!'l!' ,_n t.lle USA. Since the '!'MI lllisbap, 

no trea ..... , orders tor nuclea!' -::>owe:- planta in the US haw 1'een 

placed and over 60 proJeets/c~<leN ht~ve been eanc£.lled. ~ua,the 

nuclea! pc•er 1~duetl"',!" h~s never been the same s1~ce ~I. It 1• 

too •arly to know wt.at thE; effect of tile ev!.n wcrae diuster at 

Cherncbyl (1986, tiSSR) will be. 

It if no '-for.de?" J the !'efore, tt.a t ch.er::.:~. cal !.nd'.J.£ tl"'J will neve!' be 

tile •ame - a~ a result o~ S~CF.U. There i!tJ h!'".wever, no •ugg••-
t1on the.t proC.Uction o~ tox!.c and !:.2.Zf.rdoll.E ch.an1cel! &.."le! gasei 

llhoull b~ g.lver· u;.. Ir .. steac, the tr~rt:.:::t 1E or! '-'hl'lt Call we learn 

f:rca BHOFAL anG how such n d1eeeter oan bl p:revented. in t.be 

a.. tuture. As a aeasur£: or a quantum change in the '.:'Ubl1c ~r• pt1on 

of aheaieal 1.nduat!'f, 1 t 1• 1ntere•ting tr. no~ that the Du PGDt 

alogan: 

Better· 'Ihinga Por Better L1 ving 'It.rough Ch•ai• tJ'f 

~~- d ~· .u .. .,.,en mo ~riod. The last twc. ·•ord£ h~ve been dro;re...-
A 
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IPP• •OlAL 
TN.p4J met cliaaater aN not plea•m' verda. at theJ •Y•rth•-
1••• aN a real1'7. E'lelr 1tuq ant anal7•l• bold Yalu.II> l• 

leaaona U onl7 to min'•' se but pHrerabl7 to pNYent auoh •Ten\a 

oeo~ again. llan learna bJ e.<w;per1enoe • and one oan l•al'D ••t 
troa one•a ldatakea. He 11 a v1ae -~ bdeed who om lMm not 

onl.7 trca h11> own m1atake1 but al80 m!atak•• ot other• a• wll. 

'lhJ.1 1e 'What ve muat aeek. 
~ c.r. 

Among the major 1nduatl"1al disa•tore o~ tvaat1et:h oentw-J in the ,.... 

ehmioal and allied 1ndu8trJ a.re 14 31) 
I 

'l'ABW: • MAJOR DISAST~S - Qlf?tICAL I'KirvsTR': - 20'1'.: CENTUFY 

!!!!: _11_tie ___ Rat\IN gt 41.aaater Bo 4eetha 

1921 Oppau(Ger) liarebou.ae e.xploa1on. o,i.mtte used 

to Pl"'J looA caked ... n1 trate. 561 

1944 Cl•Y•land L1fG atorag• tank. Structural weak- 131 

('USA) neaa. Bxrloaion. 

1947 Texaa Citj Ship carrying u~ nitr:t~ e.xplod9c 57c 

(USi.) anC: nea:rbJ etyrene i:lant f'X}l~cied 

a1 a reaul t. P! res in the c! ~. 

1948 Ludvi~ehaf- Dimethylether railway car- a:xplod~c1 2C? 

en('Jer) 

195t Cal.1 

(Columbia) 

1na1de fSD tory gate. 

Dynamite t:rucsk e~loaion llOC. 

1974 Plixborough 08prolectum plant. li.xploaion due 22 

(UK) to a plpe l'UPtur• 

1976 S.Teao 

(Ikl7) 
1978 SpaiL 
l 98L. OUba tao 

(Bra&i.l) 
1984 Mexioo 

Exploa1on, nl•••~ poiaonous 

tiozin into the at.oaphe:re. 
Pro,7lene gaa tr~cV.. ~xplos1on 
Casolin• tl'Oll leaky pipeline 
~:iploded. 
UIO atonge tank. Explo•ion. 

iv0 1a 

(anlaale) 
over 500 
OTl.l" SOC 

over SOO 
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S.Y•D ot th• ten 41aatera 111'94 aboY• •• al•o the !HOPAL haY• 

e~:urr•• •lle t.h• hasar~ou material va• atore4 or 1D tranai t. 

'lh••• are h1sbl7 YUlnerabl• •~• an4 h-.ioe ••a•~• apeo1al atten­

tion. 

sgop.AI, - A T'UOEDf OP K~RORS 

'lhe:re vere a.?Wple warning! of the BHOPAL traged7, but alas they 

wet unheeded. l'br nearly t~,, years (mid-1982 to mid-1984} at 

least tour internal reporta of Un.ion Carb:!.~ noted aeve:r-al casea 

ot MIC leakage Pnd numerous aat'ety lapses in plant dc1;lgn, maL'1-

tenano• and o:perat1o!' .• Some rEJ!edl&l action was taken, but obv-

1oualy not enou@h.. '.lhese N-rort.e were releesec after ~c dieae-

ter in a e~!"ort t.o put the ent!rf: blsme on t.-:e Indian aubsic!i-

ai-y. v1 th th~ observetion teat Ir- the then state of the plant 

C•o 1981,.} 1t !!hou} d not haYe ~e-e~ op~1·atir..g at all1 

there ve:re ample waTT..ings by t..~e !octl media, too. A Ehopal Jcrn.r-

. , '\ 

a~-.!~' 

lines: 
\ r Sar, Please .s~ve n-,1f! c1 tr 

ltJopal on the 1'!0u e: of a Ve 1C3.-"10 

If You Don't Understan~, you ~111 Be ~ip~d ~~t 

tailed t,o ll&ke ar.y imprea11011 on the company management and town 

a-.S.niatre tion. All this before the ever,t. 

After t.h1t d.1ea1trou~ eyent. 1ntE;rnrt1onal J'retr anc' m<:eia ~woopttd 

oTer lhop8l tor 1nvost1gst1 ve rer·';rting, Kes...,an1 be1~ rickoc! 



a 

•• a oollaborator bJ Plnanelal Tia••• •• ~ol'k TillH u• Vuh­

iagton foat UiODg othera. Soal er the headline• ln theee an4 

other reapeotable •dia speak tor themselnas 

Sate~ Lapses Widespread 

'!he Gria Wage~ Of kglect 

Colossal Sa!'ety Lapses 

Union Carb1& J'louted OWn Safety Code 

ill 2be world Jasped 

It Waa Like Breathing Fire 

What Pric• Pr0gre~a? 

A Problmi T"nat Ca.Lr·ot Be Buried 

'Jhe n.rioua safety ~,tema, auch aa Pl.are gaa a tack, Tent gaa 

•orubber and Ntr1gerat1on ayatai, were all ~1.lent Vitne•••• to 

the tragec!y, alnce tor rea•oDE ot •concny or othel'Viae no111 ot 

them were functioning. An ala:rs vaa aowided and the ne1&bbour1.ng 

resider..tf s~einf EJOOke oo:<!.!'..f o\!t of the .t'aetory rushed tovarda 

1 t, ~up:;..·"'Fcdl; tc pi:..t o-.it ~e t'1re, tc the.!r oertatn death. !he 

raet-0r; ;:;c-rson.."'lel are re;:e:rtec t0 ::ieve escaped to aafety. 8mle 

eie.tt ho~rr :l!'te~ ~e ever.t, ane eve~ after Eeeine de~d bo~ea 

TN.\ 
piled inheep.e, tr.1.~ oo.l!l;ar.y'e chief aed.i.cal officer a1nta1ned 

tha. t: 

!.! a...'1 aeute ~rr-! ta~ t, but ce:rtair.ly not lethal 

Ac!"o.:::: t·f i:crlc at t:l.~ir he<;.c~a!'ttr.s !x: Danbury, Ccr"1'". (~S.t), 

Ca~'t:ide 1
!! director of t.i.ealth B:lC a&fcty deec1·.;,.0t,~ MIC aa: 

nothing mere t2:ar. E:. potent tear ga.a 

In ret:roar·ect, theae statem.nta must quality a• the undentate­

•nts cf th~ century. 

Initial r~act1011 at Danbury was tt·st tJ-,E: !hopal and the In•titute 

plant1. were identical. Di~ it mean that a lhopal oould occur at 



9 

Institute? !he earlier 1tatement wa1 1mmed1atel7 retraete4 an.4 

th• pr1nc1JlJllz coq;letel7 denied an7 inTolvemnt in tht 4ea1gn 

and eng!neer1n5 of ttle !bopal plant. Tnia t;o+ro• cl to be 1n­

¢crrec t. 

A tor:-.:er ~!.~aci.nf di.recto:- of the Indian Comp&D.J', •<!ward JotunGz 

st&tec !.n an a!'fidavit in tl~a US that he end hi.a projeet tea 
a..: .. r,: 

1n IntU.a ooncerned "-the Bhopal plant a~4 tor •on17 ~ 

atore.ge 1 of ~C, -::r-..it ~~1 ver. ove:rru.led bJ the principals. MIC 

ii: only an 1.I!ter::.ec!.a.te ? roduo t and 1 tb JUl!utaotuie re 1n Germany 

(Bayer} and J:ipun (1-'J. tf"-1:Jia!11} have a oloaed syst• v::.. th no 

e to rage of ?<:I ( 

BHOPAL served aR ~ eye oper.er to tho chemical world vho sought 

tc dnY lessens 3r.G U?plement t.h'3m in order to prevent/m1n1m1ae 

t~e c~1a::.ce o~ such di~ sters. PJost of ti~e leacinE ehemiae.l comp-

fe:-;cier anc to 11"'...!"c~ the cor:r.run.ity about t."1e ~css1blc ri.ska, 

:maeh1ner; 1 ~ oo'1'!!'"1P-tAly l~ck!.:ig pertic _;larly 1n the develojJi'l'lg 

world. &ven 1r. the develored world entoreeaent ot :regulat~ons 1• 

hitd'Uy sue::·'H~t. Jn~ Page, director or aatet7 and occupational 

heal t~. cf :>.iJ-0:'1t - o co~~F:n:- ~:l;.:cL has taken setety ai a mi1a1on 

- 1 p , .. _·j t (, c ll!l ~: i ~ t" } : 

1hr1re 121 n0 ws: that they oai. poaa1bly en1.'oroe regulationa 
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tr th• ~t l• not oc-1\tet. 

~ 1.nap1otor1 ot the regulating qenei••• tor •XUFl• oaHA 

(Oooui:ational Satet1 & Health &dainiatrat1on) agrees 

We haYe to rely on t.b.e ecplo'fer and e~lo'Jeet. 

In th~ ul.t11112t• analysis, desp1t~ pro!'or !)lent 4es1gn wit.h the 

reqUiai te aa1'et,. dertcea, regulat1.ona an4 1ihe1r r..torcement, •• 

alao IUJ'l&gSDent'• oolll'dta.n' - it is J"•ally a •culture of •Ar~t7• 

vhioh oan help Jtinimiae or prevent t.b• eha.J'loe et a BHOPAL ~e 

'-!.aaater .. 'fetal prev11nt1.on is an 1"al ltl1ah probably can never 

be tchi•Y~ except at 1r£in1 te coe t - ._111 ve a tteiupt to show 1n 

the next section. But minlmlaing t..lie probflbili ty of a IEOl'AL is 

oerta1n1y wi th!.n h~.man control. 

Sate ~dr·• 16 not nocossa:-11)" safe there, mid eatety oan never be 

taken ror granted. It must be built into flhe totl l 97atem, bu.t 

even 1z.i.m, an exptart on workers se.f ety, AnthC"n:f k."lzz.occh1 points 

ciutp\j a!:orUy att~r ~CPAL: 

It's like a gtaLt r0ulette g~ ••• this tl..m~ th~ me~ble Cmrt! 

to a •top in a little place in lnd1s. But the nt!Xt t~.me it 

ooul.G. be the ti. s. 

::ow Pl"'OPhet1cJ Jl4ti't eight months eft.Ei:r BiEOfil, a mir..i-!ho~al dif 

Anc this deauit~ tae fact t.h.et the Instit~te plant hec much more 

elaborate aafet'!' dt:Yioee than t.he Hlope.l plant. and the11e Wert? 

turther augmented an~ aupplfJPlented •• a re•w t or the lesBon 

learnt aa a result or t.he B.'-lOril oataatrophf». 

SIMPLE IS ht.:AUTIFCL 

De•pite the preaenoe or automawd and aoph1at1oated oontrola Oil 

a ah•Dd.oal plmt, the human tacul tie• ot eye, no•• and ear are 
. 

oon81dere4 ~ be mo1t Yaluable tioola. Control• oui PnC. do tail, 

one oan cl\lplioa te th• ancl/or suppl••ent them vi th adc11 t1onal. 



11 

tail/safe dertoe•, but t.he1e can tail too. Man oan •aee, -11 

and hear• trouble at a chealoal. plant more etten than not m4 

the '1ontrols L"ld inatrwr.enta t1o:n ma.1 JY:relJ oontira 1t - lJP 

the: ar-E i.e. work1.ng order, in 1ilh1oh 'l••• they oan help 1.n diag­

nosing and oorrecting the trouble. Otherwise manual control• oan 

be brought into aetlon t.o 001·ract the trouble. At !hopal, just 

8.l:Jout everything (th.at could go w1-ong) did go llrOJlb - 1n acco:-d 

vi th t.tie well-known Jirurph; •a Law. 

In our Va!'1cus writings (e.g.,l'r} we oonatantq emphasise the 

max1""" 1 si~le 1s beautiful. 1 and even r.a.ve a chapter with such 
Bttoff\ L 

a hcecing. :n the case or 31e,.al., tor e~ple, it turnE out th5t 

a balloon at V44j Cr.:-bi<ie faeto17 a1 te to aholi: ·tne "il1i direction 

and the •irlple p1-ecaution ot breati:1ng through a wet towel could 

have aavet Ctmdreds o: 11T8Se S\le'h simple ar.eh.mee ~ form a 

part o: ecerg£ncy ~lanr.ing. in order to mi tigat~ the effect of 

(l:SA) :!...::-. J.S-7S· tLS~ e::r~ac~ cutt e tew b::.llion dollare 
.C 

temib, b·..i.t. fo!"ti.u:e.tr,l ~: r, _, 1 ::rt. wu. los ~. In :res:·E-ct, ,... 

~ Ci:-ect --
it ne6 

been attented to. A &imt,~e hUWln t1rrorl 'l'he •1ntenanc' crew 

To pre var .. t r~eu!'renaf' of Ei0} AL, li:it 1 s l1s ten and loarn lH~\iJ 
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Chapter 2. PREVDTIOW D BETf&'lt THU CUD 

Boin• vill cil a&.~·t:!e vi c-. the ti tl• of tb1• chapter. But 1n t.he 

:Pr6Sts:.t oon~xt: 

Ia prevention of a ftiOFAL rea•!ble and praet1oable1 

Fea11ble? Yea. but at what ooat? Here. ae in JDOtt •1tuationa. 

ve are raced vi th a trade-off end OOMPromiae, be tween cost a."ld 

benefit. 'the acat of prevention md the extent of risk are 

inversely related. !tlsk can be reduced to zero. °b'.J.t the corr-

esponding ccet ~111 be infinite - n~t a p:rectical pcss1b111t}". 

In au~.la..: 6!ti.l8.tions, t!:eI'f.:'c·rE, such as Bhopal we have tc; tak~ 

a calculated risk so t.liat the oo&t is reasonab1o. no¥ tc calcu-

late r1ak' 

RISI: ASSLSS!~' 

The science of ar.el,-sin1; anC. asise!L!.llf' risk ii relat1Yely ne\0 1 

but ! t ie deve::_o.pirl[ f~-~t. !t hac bt;er: :runni~ec ir, CEiBf? cf the 

if ~o.::rie of t .. e f~elc'~ u.·~ t L.L~le rules, tc B':!J not._ir.r 

a ·~eE:teTT. foaus, witr. oar:~ tal lese ~xpen1ive t ... ar. lebo~T·. Tne 

tior. ar. prevail tnf in tr. e. developing oountr1e~, one ma,- well 

opt to-:- a la"::>c\4:··-in vdl'l.81 ve as;.proaab \.1~. 'n".ie c-...i.l t"i.4?"C.l G..'...!ferenc-

e6 w11: al.t.o :-ie~ c tc bE- c-:,nz.idered in carI'J"ing o".Jt n risk aZlco­

amunt exo1•c1s'3 (/),). Th1' tnctor hes al ao lod t., a t.."1de var!.9t!or. 
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~~ 

1n rl•k unageaent prao tio .. ~ t:h1n 1lb9 deY•lo;pe4 world. 

In a aerie• of pap•J'8 (!~ • th• subject ot aaaeaaing ancl oontroll­

ri•ks involved in ~nc!lL""-E; hazarcr.,us techno1og:J" }riak1'een atlldied 

!n d.eJ:-th 1nelut..1ug 1~ :!'..1.e! .su'!h aa: 

Ra:ilge or uncertainties in design, iu_nlj.rc tur;. snd ~e ot 

Export o! ad•ancel technclog1eE t.o dP.veloplng countries 

ane oultura: variables, oa ~e~tione6 earl~er toe, compl:cat~ 

the analysis. Broad~r philosoplucal 1asue~ are also ta~kled anrl 

t:.Eo t"eature artic:.e 1n the serieE- deal1Ilt7 •itt. oox:.ce;;tal rieks, 

quotes '.lhomas Jc.ff er son (/1): 

l .aw• of no s~f~ de;-c·rito:: of t!~e U:ti.::.at~ ;>o~ers o~ the 

soc"' .. et:'. ·r,u-r --~. e ~ =-" ... , .-. «..., e ., ·e· ~ye .. ... "•· ~--- t.#j.i ,l.s;;J ~ ,__ t 

The e'!"'"'~>,.. ~z !' 
a., - .._ _. -

Car. r1Pk be ouantlfic~~ Net exactly or et lca3t not gim~ly. ~1ek 

ha• beE .. n de!"inec by s f{oyal Stuey Gr-oup aet li!> ln iJ!. tar tt.ir 

purpose a• (lo ) : 

Mak ia the prob&bility that a partiClllar adYerse event 

occvrs d~rinF. a eta~ed period or tiree, or r~sults tror- a 

part1oular ohallenge. 



&o, r!.•k 1a •Xpreasec! aa a probab111~. It hM to take lnM 

•~ool.11t raotor~, BUCh aa eoonoato, aoelo-pol1t1o•l a• a1ao the 

l:...kelJ risk to soc1et} and the intU.rtdual. What 1• an aoc•~tabl• 

rl.akt 1h1a ia &o!IB~..at subjeot1Te. RU'k o! one deatih per 7eu 

1n~(I): 

Million ~~ e.,r.sidarad 11ce~ptable to ~er..era.l pub11 r 

100,00C ia accertable 1;(' vo:rke!"t! 

As a COJ'lyP-r1.son, th~ probcbllii-y ~r. be~ng killed iri & o~r ace!-

cent 1a l 1~ 75cc. 

Assoe1r tion 

Federa t~ or. 

- Chemics.l i'ia.nu!'a ct-u.re r~ A! ~oeie tion 

- ISGF-\ ( !/ ) 

( , ~ 

\ c ' 

e:ol}..atE: rs.nc. "lnalys~ the pVa!l:able ds ta an..! foro-;llete si.::&ple 

~•~ by deve~oping countries, &re based on ttle 60-culle~ 3cYeao 

Dirvctive o!' the European Commmi ti•• Comi•a1on (EiC). 'lhe 

ilorld Rank ~.anual (32} :.ns b~cr: pr€Jya.NC bJ' a Lond!>n-ba••a 
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i>enonal OC11puter (3.:t). 

Por a ablple Wl4-:-8tanc11ng o~ the ••Pd.ngl.7 OOJll>l•x aubJeot ot 

nu •••••wnt fD4 riak -.nag •n\~ a .peruaal or rig• 1-s cm 

the n.xt !'age aa, help. PiG l VW> 1a the oonftlltianal approaoh 

to sate~ through trial an« error. ~. •jor 971tea •~•t)' h.cb)ra 

•t mi 1natal.l~tioo &..r-.a 1.ncllcat.eci ill .Fig 2. T'".ro ot' t.'.i• aain eona1-

darat1ona in risk manag8aen\ are clep ... ted 1D Pig 3. P1g 4 abo'lla 

a 'tJJ;1eal •Y•~& aa.fetJ Ranageaent that can prove ettect1T&. I. 

Y•rr ~im;:l~, though ~"'lti.tat!ve repreeentation of r!Pk &1'.!&ly~1e 

•an be aeen in Fie 5 ( 7 ). 

plant, lika tne ih::>pel one, !12s to take 1JJ :aan1 me>r6 t'ectors and 

la tihP~e1'ore _,re co::uplex, but the 1"1guree demomtri.te t.h• basic 

been explc.:~&d by ret£rence to th• t'1guraa or. the r.eYt PBff':. In 

ic ••••nt111l. Aft~r· analy•lnt F.! var!etr of Gill a~ tc: T'S .tnolud.111£ 

an oil r~ '9hloh oapa!.ziaa, •h!pwreoka o~ the 'ritar.Je and tb• 

Andrea Doria, a• aleo the gas l•k• at a.T••o and lbopal, 1 t 1• 

obsaned Cl~): 

Sollie aoc10.nta an •vo.lC..Dl.e, othen porhapa not. ait 1n 
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•at ..... a •·• fll aate •••• •• tftatlamt er 1aJlu7 

•• 1M proT1494. laoh •an.re• wn l•t!r!n• ta -.. •ll 

Pil .... • • • • • tb• ft hn.10 .... • ... lJa ... ..... .... . 

~pal oaaea. ••*7 8U8h oftrw1&bta ean occsur ••• 

._ empba•1• 1• ova. Mo1•'7 •7 bl- tt. enpn•• tor the 

onrs.tlb' a4 tb• •CSne•r 1n ~" M>ul4 u.nm. that ( /.2,)1 

•at'etJ. r18lt• -4 all nab Matten are ••one el••'• rea­

J>ODai~ • •• U' not th• OCllll>_,.• then goverm&en\I t.t the 

•o•erwnt M1'9 aaf'etJ engSneers. V. nte. ~ that ..._. 

•are ot our Nspona1b111\7 ••• 

!hi.a &o1m•t help at all and ve ai-• backe to •aquare ona.• Man 

doee !!lak• matuea, but a vtae aan leama t'l"Oll. bia l!i•tak•• an( 

almo . boa ~- or •th•ra. Plet 8-in puta 1 t 1h1U (.t'I): 

'lb• roa4 tlo w1 •4'mt Well 1 t • 1 pla.111 an4 a illpl• to aproaa 1 

Krr and err. &M •l'T again. but leas. and le•e. an4 le••• 

In oaae ot BGC-PA~ and eev,,1"&1 o: Ule ether c!isastera 11stei! 1.n 

hbl.e 1. etcragt} or larg6 ~'Ual?t1 ty o: the hasardou material 

VAS the Jta.1n culprit. So a Y&lj &imple aat'efUard 1• '° avoid 1t 

11h•nTer posa!.bl~, thus not onl.7 reduain& tbs hazard but alao 

the 1JOat. Aa explained .. ri1er. there 1• no need to a tore th• 

deadly MIC at all. 

'Jhe var..ouz Eat'ety ct.vices at th6 lllopt.l plmt were not in v:.rk-

1ng order, but it ~u.~••c that even 1r they ware. the run-aw.,­

reactior. ooulti not have been ooped w1 th. To make aattel"S won•. 

8leJ"'!&nc1 pluming waa oonapiououa bJ 1t5 abaence.. ft".e plant 

vol'ken tb••elT••• let alam the ne1gllboUJ'1z-s 

DO' ~ of llba' '9 do 1D oaae ot -r1111., • 

.dlt lt"~ 1 8 DOV sw1 t& OT8l' to th<; pea! t.!. Y& side. ~at Mould a 



~ 
•' an •tna14e ... ~:b.a ,_,. ci aellmvl .... t lea .. r 1a tla6 ,_ 
eb_...t 1nAl8'17,,.~). I' atu-ta Vltll a u\lonllblas allld.aaloa 

.. , •• 9b-dnl lncluaV, bu_, --- .. po4 ., z.1alr --­

milt aa 1t cnaght t. 'be. ~· •• ilb-s...,. bml9 to Dl1 Pent 1a 1978 

Wilen th• OOllP97 fttt•Nt •re tban up .. hd -.!Mar ~ ~jor 

lDd.tmta. A tborcnw1 lnft•tlgatloa at that u.. NWal .. 1 

,,..,.,,.aeea 1n the aa.t.ntatt.tion ef nr pl'O••• baaaM.a 

ll&m.paent progNL 

!ha prosr- it••U vu .toUDCl •quate but tu !llplmm\ats.on/ 

a .. tnSa'1-at1on/aaap•ent .. ,. ... 11 to m weak. BaT1Dg 1'mt1.t1ed 

tb9 problaa, aolution .tolloved log1oall7. 'Iba dmpr 111gneia 

point,,. to the ••akm•• •re t=" )I.~"/;~ ()../.:) 
X..ak of aUQuate tr.tnsng of operatoi-8 and •lnten.Doe •NV• 
J>.aign/prooetlun eNnpa v 1--ut Nall• bag their blpaot 

('llbidl. oan be prot'orm• ••• v11b ldnor ·mange•) on aatety 

Inadequate beqmn.ey or inapeeUDg and Mating ar1.t1eal 1'-u 

16nor 1nciclenta not 111Yeat1pte4/1dtntl.:t1e4 md cor!'Mte4 

Reduoed aainteaanee 1n antio1pat1on or plant 80:id/sbutdovn 

1ntho11f'b the•• ai@rl•l.• were 1dmtlt'ied 'bJ Du Pont an~ oori-ect1Te 

action ~aken 1D 1978-9, aiion Carbide vere either unaware or them 

or th91 veJ"t; oo.mplet.ly 1gnol'el at Blopu. ALL tl-ie r1gn&.!a, 1nol­

u~ diaantllng the plant .tor •al•, vere therel.'J~i:, ' 
. ' 

Du tont•e concluaion o! tt .. eir· heut-•earchi~ exerc!se ha• an 
lt.. 

lmportant leaaom Wh1eh needs tio ""4rlwn boae (.:24) 
••• our pl'Ooeaa ha&a:rda unageamct pl'Op-a administered. •• 

ln a •'1-ong md ettHtlY• wr am heed o~t eataabej6lo 

•••nta. I' :requi.Jtee a lot or wl'k and th• u. et mm1 

P•Pl•• but \:he nva:rcla are peat and wJ"tb •Y•J7 1111.t et 

the ettort. 

._ **' 1• •n'i. •• 1141117 ·baaa• t ••PP• -n.-••s.· 

• 

• 
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AD4 •n la •N• 1be 901fPU11 baD1 t atoppe• 1MJin1ng. •t111t1a­

•'"4Sng a UC•lltnt aatet) reoort •lno• thelr Mlt•pelltl• 

INa 1CJ78. the,- a~t t,o 1-m ~ the !l:IOPAL tiaaater. Lib 

110at other ecmpaniea 1nGluMng Dov ul4 Monaantao. Du. Pon\ ~er 

nrten4 their aa1'etJ p:aoo"dure" an4 took appl"':)priate eoneoU.n 

aoticm. 

CD JIBGtiLUORS RKAt.t:r IEGUU!tt 

BHOPAL !Jllnet!!.ately :ra1••d t:ha queatloa: 

Could !t happen hcreT 

at ehe.."11cal p!'Oductlon oentrea •v•I"J'Wh•J"O• end part1mlarl7 thoae 

hmidl1r,g ha2:ardou. .materiale. OoV•'l"Dmenta. too. got bua7 in plmm­

iDg, ~t1D£ an~ enaoting •tridel" l.ava ~gulatlona. ~. 
chemi.cal industl'J• 1taelt. thougti alreadif 'burdane41 With oYe:r-

tm.ion Carbide'• •1l&.ilar pl1mt aoroas tne globe at Inatitute (US.A) 

wa~ clof!'ed, t°.(• incc.rpo:ra ta ~e lessont. !rem a~pal, t~ JU.kc ! t 

aa.ter. lhe aatetj l'?"sta Vt:iS Y;?gr-aded.. bi!t a ~-Ni..;l.U., d.1.d 

OCC~!'· at t!"ie Iru:.tit\,.;.t.E, p.A.allt in .lut, 195.5. i;.!'te1· !EOi'AL, it VaE 

reported th&t 4esp1t• Ii& tuli. arra1 of' ir.on1to1·.t, al~, cooling 

cr~tcnu an~ 11uoh, IPA (BnvimlDlntal ITotect~on Agenc~) obeerved 

t'roru Ca!'b!.de'• oY?: records 28 MIC leak& during 1930-4 at the 

Inoti t1·1t.<. pl mt. al "o •1~ llOnthfl 'Oefor6 liiOPAL a 8"..:.J"VO:- by the 

~·--1 Car-bi<!f; &s..t~t~ tf\...-~ r•••al•d the poas1b1:l t}' or a t 11.,,i reac-

tion llt Inatitnte !r. t.ne .UC atorage tank. 1h111 ill'l>NCUely 
~J ~ 

at ba:p_ouned at lhopal. wH- Ula fiud1r,g ~ra1:. Inst! tute le~ to 
~ 

ADJ action at JllopalT ~ 1t oonY.,.41 to the regulator• 1n the 

V.I. ad lD ln41aT Woul• tlMJ 11Dderatand the 1npl1cat1om ot lt 

- apeolall 7 1n Inciia T 

.Ill a••ral., ai. npl.a'4tra know JllUoil l••• about tbl oher.1att-y 



• 
mt the hasarcla th•Ntio. !be emipmDJ' lmow• tu •N aDI tbq ue 

ln the be•t poa1'1.• to •••••• •4 •"•P the rl•ka al'"ltlng r... 
tbetr operat1am. It la wPtb NPe•tlng b quo'9a or th• eGllP­

an'{ and a Ngula ting ageney (page 9·10) 1 

Dll Pon\1 !here la ao •7 that the7 (regulat.o:r•) Mia poaai'bl.7 

ent'croe ~lat1ona 11' the martar.-•nt 1• not ...-s \ted. 

OCU 1 Ve haY• to "1Y en th• 911PloJ9r m4 -.plo,.a. 

!be Ngulator•a lnr,>eot1on. at beat, 1• auper:t1o1al - ewn Ill 

the .. ftlope4 oomtrlea. Jn •••loping ooantr1H • aa vaa renal­

•cl 1n oa•• of Blopal, it le prsotieally DDn-•%1.atent. llIOPAL 

brought out another t'lav a• vell. llo 1"6gul.at1ng agsn~ anyvhe" 

1• oo:wpetent to oh•ok the adequaq ot t.be aaret)' and emerg~ 

879'-· 
VS.th tbia beekgrouncl, there 1• • atrong ., •• 8)>ec1ally 1n v.~. 

'°varu Hlf-:r-er;ulation epeoial.17 'bJ' larger 00111>an1... Trials 

in thia re"T"e= t bo~ in U.l.. and u .. 8.4. MTe proTecl eneoura~ 

ll!ld th~ee haTe also l'9c! to Talulble and ~ better acci~nt ,... 

•tati•ties. 'ftl.~ propoaet! l•giirl•tlon tor ael1'-Mrulct1cn 1• 

expeetet' t.o lead ~ t 3 ) : 

~elitt'rtnt th~ re,ntlatom ot much or the routi~ an<! super­

l'1"'c1al aafe~'Y 1napeot1on tsork.. 

Regu1a~ra oan than oonoentft te on •a>re 1n1'1dious hllzardal I 

lndustr:t will drar up 1 to o•.n 't1g,.'1t cede c~ !lract1ce' 

~'\ 
Better •ate t1 o~aat1on w1 thin the et>".!%par.1ea 

'lhi• appear• to be a ntr.ahing approflnh. 

AOCOUlfT4BU.Ift XUST RD'!' WI!H ff. COMP.An 

SJ.t•1nat1n,: the ftnl'1.M and 80..vhat •q>•rl'icsial 1nspect1tJD br 

:regulatore llSJ plea•• the eo11Pan1••· It will •11.Jd.r~te lllUOh ot 

tlb.e uzmeoe••U"J' voJ'k md expenae to oo~ly vit.b regulation• 
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It:;., 
wldtll ~ 1- aNv&. Ill llpter Tela, 1-t net tu tNa tftth, 

"' .. are '-1>'-• '9 .-• th• a.glllb aa\i.rlat, lld.fta 

Lavi are lib eobnba, wh1eh 11Q ••• -11 t11ea, but 

let W&•P• md hometa break tbl'ol1gb.. 

. In th• .. t'-2- of regalatlona ant lm, quantity ••- to oYer­

P1de craal1'7, tori ln th• •"9 ot b a.enem hu:lllori•t Pinle~ 

Lav• are lla4e to troub1• people, and. th9 •:re .-Ouble tb97 

llake, th• longer tnq •t&7 on the 1tatute boou. 
And. the longer they atay on the atatute book, the •re bouble 

they make! 
Blf!U].attt.a, at 1'1r•t aigbt, aay ~e• t.o ab8elY• the ODJl!ll&D'J ot 

lta acoountab111ty, but it em•t mid it ctoean•t. On th• eontNrJ, 

1 t make• the oompsny 00111placent on the ba•i• that the ngulatora 

know better, vhict they dcn•t and esn•t • .After all, 'Mhatner they 

know le •1 ther 1"l'Om the book.s or t1'0D the tt'>mpany 1 t .. lt. And it 

the .,ompan~ lalo,.,~ MOit abc-ut 1 ts operet1on11 ftnd tb•ir haaarda, 

1t 1• logi.0111 that the eo.pany alone oan be accountable. Tbe 

:prooese 1n case o~ MlC, t'or exmple. va1 dnelop•4 bJ Union 

Carbid.a them.aelna. EHO:PAL hea probabl7 initiated action bJ 
J..,_ 

Carbi~ anc other inte!'·eated t1nna t.o 8Telo):' an alt.native 

prooel'a to eliminate or mnimiae th• haaard.. A 11.mple aolution, 

as pointed out ear-lier (page 9) la to h•Ye no or nollinal •to!'al'.• 

or KIC • 

... ot:be~ poaaib111t1ea almo ez11t1 

I. aubsti tute tor llIC 

I. eubat1 tute tor ~ pe1tio1dt' bated on KIC 

!beae me; be aarer and better. Bu.t hl .. •e a~tn. the induatl"J' and 

not tbe re~'1ator1 llU8t take 1n1t1at1n - •• they *>1 bmee 

•eoountltbl• tool 



• 
ALL DISlB'mJtl DUI !O llVIUK Pll>IT 

s .. 
1'*1 ot th• r. .. areh on •••o1c1enta md G• 1t.ra 11•• to pelat 

~ 
to haltan error u th• min er onlJ' eauae. :toae 400 atu41ea b-

t:bia subjeot t~r onr a eWltur,. were uae4 t.o pl'OYe thia U.u1111>­

t1on. It le~ to the ooncluaion ( ,_, } a 
'1-

Acci~k ere cauaed b7 h\E!lll. element and hum.an •Pl'Or J 

ob~• 1n attitud•a anli obangea 1n behaviour oan re~oe 

••• aoc14ent1. 'lhere.f oi-e, et'!'orts ••• Bh.luld be directed 

towel"da Jlli•tak•• and .tailings on th• part or wo?ko?·•· •• 

Blaaing all the ills to h1111an e::M"f)'!' baa been a popular· th_.• 
1 t echoel!I a statement of' Dr Cooke·TS1lor reBard!.11( textile 

1n4uatry 1r. mid-n1n•t~~nth oentury: 

:lo-one can exmi1ne a eott.on mill w1 tbout seeing. not onlJ' 

that 1 ta op•Nticni; oan be conduete4 vi th per.t'eot •at'•tf• 
,,-. 

but that there lllliet be an utter dis~grd of er clinal'f pre-

cautions - a tot'i.J 'k'll."'l.t of pruc!.er..oe 1 ai:.c;. n:.t a l!t'.:le pElr·-

A ~tr·e3h1nr d£pr.r~re 1;:.i;,ea!'ec ir: a 197!:- re~o:--t of th€: Pacto7 

Ir,s;>ectorc.tc. (CY.} 'wt.ic..li oe teror1ee ~ ti-:c ea.1!8e e! ae-:idant2 di;.e 

to ta1htra by; 

Malu.gment 

& ManageD:ent. ~ Workers jointl7 

About a q~rt~r ot' thE: acc~C.8-"'1.t.! we:rts foi.1nd to be due to :~!ure 

on the .Pl.rt ot' t.'°L(; ;.rorkers. Erreir/tail1.lre. 1R ar. l~.eeca;.:ablr. part 

ot lite. Goethe putr, 1t thua: 

Man 1• liable to ..err aa long as he atr1Y•£, 

A 1.tin f rovcirb go•s :? :tt.flI· .t\uttl•~r: 

:t is t:le na~ of ma.u tci ":or., ot· n tor,1 to pera•f"'•rt 

1n en•or. 



And to oap 1t all, a ., .. I'll po•\ tie\ BelA p'kta l\ tbu (~?)1 

'-be roa4 to viaclsT v.1l l t t I plaln alld ablple t.o QpNU I 

Kn- and err, and err qa!n. but leaa, and lera, 8'4 leaa. 

9:lUI blma1ng all accident. to >nmm •rrer la unproclult1•. ID 

•&a.l or a oato•tr.ph•• vbo la 1D error! Vomep, amagament, 

syetemt ftll• haa led to 11ere aean.1.ngt"Ul que•t1olll! 1111ot. as ( :l.): 

~ do miployen belie Ye that 1af et,- 111 t.oo ooatl7 to 

nal1eet 

1111} do manager• g1 Ye a low priori cy to 1a.!"ety'2 

Why do vorken consider safeq as management'• doma1nT 

inatead o~ being y::reoccapied lr.'1 th tl:e aimple anawer: 

HUll&Jl error caueea al.l accidents. 

Sat'•t'y baa to be designed and built into the system a• a ""bole. 

It theref'ore otarts at the dea1gn board etage but hu t.o be 

produotion and m.!f. ntenance. An ac c1df.nt, 1f an<~ w?:en it oc•!U!'9E-

muat be care:':..!lly e.!1.alysec! to de ter:dn& whe~er it was due to: 

Mater1Eil failure 

De• 1tnerror 
·' : 

Production ae!'ect 

.bnvironmental •tress 

or Orerator ~;or.~::-

Thia would be t:~e be2 t lesson tor the tutur&. 



A mDPAL na llapp11111 .. Ve •Mk ln th!• ... uon te learn ha 1'9 

_. ••• b9lr eater Jtlm'8 ean 1te Milt mil op•N'•• .,_ hr ._ 

wnutaetun Ul4l banG.1.ng et haur4ou8 ehMdeala. It ean lll e1om 

and Jm8T 'be don• ••turallJ ve •tart at the beginl1nF. - 'What 

pno .. • m4 \eohnolo11 to me and bow to pp about •electing 1t. 

uaing aaf•t7 u an important parameter. 

PJlOC&SS li<JISOLOOY 

~ •1n criterion 'tor- selection or teohnolos:J to -.nut'• tuN a 

de•lgnated chaioal ia \11 uallJ teobno-eoono&ie. Safety 118U&ll7 

ctoe. not entr. the •oen• at tibia •tage. 1bia is a ••rioUB lao11Da 

llD4 lt au.t be oorrected. !eobnoloa aeleot1on muat take into 

aooount the ty;ic of :Cv1~er·lh inv~lve~ i.e., the lnt.erent danger 

and ri•k. 'lben the engineer o:-- process aelec-:or can el ther "U.se 

an altemat1Tt: techhnology or alter?l8t1vt,:l rrcvid€ the. nt1csseu7 

plant, one can only ab: to JBAkt 1 t ss.ter tr .. ~ugh retMt'1 t or 

redesign of t.l£e cT'UCiel stE-r. Time .u:.c monc:· !:_;:;c~: st the 1nlt1al 

weapons against potential d!easter. 

'!he subject o!' selectinf' technolo;7 !:. cc~~l::· fc:- t.:.e-velop~nr cct:..71~-

tema. One school of thought - the con••n tlonal one - ts in tavouT 

or appropri6. te or· the ao-eallea int6truod1a t.e uchnclogy. A more 
~ .... o..G.-

QU.rren t T1811i, how(:;vof, ,,..appropr·ia te kci"..nology U> wi'-er·deYelop._d 
. 

technology. It ha• eYen been termoe a& '1r!'f'o\·c1 !.C.:-.e~' tt:cl.nolo&y 

Whier may \J. timatel7 increase ttie diepari t: betweo!'l the developed 

Ila! developine world. Aooordiug t.o thl• aoh.ool, the advnnootl 

• 



er •11>ltal-1nt.lalT• teobnolo17 1• tar ma ~lw tbaa tile 

eld or a~roprl•t• teolmolo11 *ieh la •N labour-lnteml•. 

Amount ot 9004a pro4uee• l• oom14ere4 tar .on bl!Po"-11' than 

th• nl.mber ot job• oreate4, •inoe th• toiw r eontrilfttt. tar 
~ 

•re '° aoolal welfare, a•-alao eoonondc an4 pollt1aal. ~·-
" 

ence ( ~ ). Die etate- or art tecbnologr (a4Tanced/mocle:m) proT-

14-• a abort out ~or th.a !bird World to • aateb vp • vi tn h rea"9 

911• 'lt.-Ould., or oourae, be aater too - 1n th• eontext ot th• 

J>N•mt aubject, tor aoph1at1cate4 cont~la woul.' nppleaent/ 

' ocapl-.nt human oontrol. In th.at case Jliopal would havet~en ae 
. ~ o~~ 

aate aa Instl t"J.te anc perhaps ~ BHGl'A.L would not haTe OODlzM-

or alternat1Tely ite da~£e would not have been as aerioua. 

Another route to as..ret,. is to take recour&e to nature. Aa an 

•JCaJlll>le, inatead of ua ng the aadly p•atio14es (deadly to pe11ta 

and .-i), naort to 1ntegra t.d pest man&u"'8Dlen t (IP:~). Thi E art/ 

acienoe 1£ baoed on biolog!cal control &.nd oomb1nes 1ood eoology 

v!. Ui aounc eoon<'Dl:::.c~. Ootton orop, for exallj'.:le, can be protected 

~ plantint alfP-laa a~ a 'decoy• cro~. Alte:~at~vely, plar..ting 

can be deleyel &o that tl-.e buga mature be!'or£ the oro~. 

After •electing the- process technology, we proceed to desigr; and 

engineer the plant, as alsc- itt: layout. lt .i~ ;.reEt;.::i.eC. t.i:it a 

aate :ioo3t:!.on far away from populated areae ha! e.l!·e:?C::- been 

aelected. 

Deaign, .-~~neerlr .. g ana layo"Li.t o.f 2 _.,:.ant 1£ a oompron::Se bet-

ween What 1• teohnioall1 feaa1ble and eoonomieallJ' Ju.st!. ·.eble, 

1n both caae1 t.he aatety p1.PU1eter· being inolwled. Tb• ooat ot 

an abaolute saf"e plant wilj_ b& prohlbitiYe am the project may 

ha Ye to be 1.bL'1.doned. Hence the neoe:ir!1 t1 to oompromiee. 



• 

... _. ..... f9P .Sn!- •toNP ot the buaPllDu eh..S.eala 

lmolnd 1Jl th.jtrooea•• wbether aa a 11l'91W8c11ate protll9t or 

. wbatever. A dlt'.termt pro••• route -7 aT014 a b&&ardou 1.llter­

•d1ate or :replao• it with a leaa ha&ardoua om. !l..,.r routea 

have been den1oped. tor KDI Ut..li-41.ph•D;JlB t.b.ane d.11aoc,.ana te) 

U4 n>I (\<>lune 411eoo7anate) vi thout tLe use or ph.:..-agen< - a 

hil'bl7 bt&&ardoua Pl. Other alllple ... 1p '8obnlcr..a.e• tD aak• 

obmioal planta aarer aN ( /'l): 

ll•l1e.t n.lT•e to dlach.arge to oloaed a7stuaa or· to a t'lare 

in oue tl.amtnable material 1a d1achar£ed. 

abould have no walls. In an open aystem. some lCO-lOOC 
~~ 

tiJYI! Mterlal is required tor an uploaion to occur·. 
f\. 

DrJ ohlorine oan'bu.rn'a titanllll". blower. Paa•inc the gas 

t.hroUBti a w&te!"· t:cr~b"c...;:r bt.!c~ hanC. elil.:J..m te.::. tee :iEk. 

Chang6.s at the draw1ri.e boa:-d i;tage tc lCiniuUae UlCi to ramov~ 

plant Oc;tJ:l~tec. It i~ e~~c~tia:, u.~reior~, to involv~ safety 

atatr at eor.ce;-tus1 ~~ape of t.."1.e ur-oject tb.rougt~ tc, de=:i~. enp-

analysis, uainr for e~lc ar! inde.x suo1. a~ ti.a ix;"' .;..not.x or 

to use by th6 rr·ocetir de&iP'.Jl t.eam, an~ yic-ld 11 uaefUl p~c~u.:re 

ot the 1nberent proc6SI hazard&. 'lheae 1.ndic•• have be~L dew~lop.:.c{ 

bJ two o:.' the major cbemcf!l 00•1>•n1•1 (Dov <Jie=4 oal & IC.1; "-1 tn 

oona1dera'L1e 3x;-,ericr..ca ir. ti .. .1.1; f16.l.d and IW ez:celloi!:. •a .. .".;;t}" 



!!&!!! Lat R • A •1!16UCI 

... JLPWJ .. 11e.t .,.'- (m) la erl\leal to the ••te'J •.ta 

eb-1•1 pl•'• 19t ita ... ip la llOV revealed to have been OJl 

mttrelJ' •rang pr-1.ae. An 1n4-t17-oollaborative progre • 

t1nanee4 bJ 29 inten • tion: .l ehedoal ooq>an1.e • vu undertaken 

1D 1970. D~ (D.•iRD lnatit;ute fol' -.ergenc1 R•ll•t 57•tems) 

.,.rated under the .Aaeriotm ln•tiW.te or Ch..S.oal. Knglneera. and 

lta •XJ>•rhlental and anal,.tioal work reau1tecl in a conceenaua 

cleaign by 19&5. 'lbia vaa baaeti on tba t'aot that. i;fie •1•tem ha• 

to handle not only vapour, but liquid a• ••11.- a ract which vaa 

mown previously, yet a 111~10 de6ign D!Bthod var not avE.ilable. 

DIERS pn>vid91 a •1111>1• teohni.que t'or a1ziD£ toe rellef s1stem 

ill oontra•t t.o the modeliJJR kotm.1quu available ... 11er. 

Cmrparlaon 1r. feY t:Jpical. cases llhoved that the went a!ze for 

tllo-pbaae tlo"' vaa 5-10 \Oimea tuat for a ei.nt;k -phaes i'lcl-i. mus 

moat ot the relier ayatema, including the one at ai.opal., are 

been publi~hec C.<tq snd a l"rectioal tlesign .. uual resulting 

there.troJn P.hould be ••ailable aho!'tl!'• But a word of m utinn: 

'!he new desiP'l teeh .. ~if!U~ l!!U~t be aouple4:1 "'~th 11 T-ealiat~ esti-

•te or the li:'crst '!')Os~ible urset conditions. ;..iav.. m!l!.i&£8:JlO!lt 

must be a.11 •r~enti.'ll ris'9t of v.,e entire exe .. c1ee. a.~ each oo-

aecept • "l'h1~ re!'T\lirc11 er •~t1r~1tc ~ t.';.e oost or e O!!ta~trophe 

like BHOPAJ- ""~ 1.t can onl:w be aubjeot1ve. what 1! th~ cost of 

a h\Ball l1teT '!here 1• no agNement on thi•, aey~NJ. t1guN• 

hue been 8lJU88 tee! Nngi.ng tl"Om y l•lU ail:i.1on. l.t a median 

tiguJ"e 1• taken, the total ooet or llfO.PAL ~ar ezoeeu tihEs total 
~,. 

.... t. or Un1t:'n 0111rbide •• .at Dec 1984. 



• 
mm vork baa Colma that alt.holll\ll ehMioal 1ntut17 l• .... 

•ein• to be a high-teah lndua\17•-. •dem plmta~Ull •• 

19th oennr, eonoepi ot pllabing 1n nspeot ti "11•t tnie•. 

O>•na"'~ th• DDv 1• a oomplex. 41tt1oult u4 upena1" pN .. aa. 

llllt I Glarlea JbDIUl• •nc:lltlft 41reotor ot jmrlun !natl tute 

ot Cb-S.cal Er.g1ne6r1 haa pointed 01* that ahangt.nr th• may bea 

ffl~~ JOU ocmaimJ' the ooat or m aoe1det (lMs~.f.PAli) 
Vlll the 1nduet:ry rise to the ooeaa1'Z T 

llAiftmWfCr; IS TI:E CRUX 

Dt• ~ency relief syst• •-!be properly designed otsb o~ 
two-pha.aP t'low, trJ.t unle!.a ·it 1£ kept !.n lotmd work!.ng OO.t!d.1 tion 

it 1a no better t.har1 an under-sized syst-. ~. can be &BllU.nd 

onl7 tbroueh inet1otaouE nut ntciance and a errici.D£, &190 NJ'lace­

aent 11b.enave?" D9o•eea17. lil?' Npl.ao--.ntT &Yecy ooraponent baa an 

~Htimated lif'e ~ti:-r .-h!.ci_ it e5n :fa:l, hen ct rer lece?:lellt in good 

time 15 acr~sable. 1\-;e?"e ia th<- no~l lit.ar end t6V- an! in tJd\:!1-

t1on t'aul t~ c~~ a:-:renr· t!~roug;-. t=-.. e oocurrancE or unusu2~ e'·enta, 

e.g.• 

Stre~::es on 11'..ateriei.5 lll8y o~ 100re th.er. 1uisur1ec et design 

Urn.:.~·JF: cc?To.Si">n, e!"Osi,,n or otLe:r· 1nnuence~ 

eo!:lpon€.n'te wr.ict ":'"~"'] L>l: c::"~tic!l, w.i:..l he:; correct t.\.ie Pitus.-

tion in good tim6. · 

In oaee of re~d. er ayE tesu part1cularl7, 1 t haa be911 tounc that 

the relief r.ie~~mii•m ie •tuok iJ: the olo••d position p6rhapa 

beoawi• tl1E:- set JJi•ess\lre co;.uiit!.on ha• ~Ve"' bter. exce~c'cf.. It 

la there!'o!"e essential th&t auat. tautts a::-e detected and oorreot-

ed lr, t.~P. onuree or rou tint and regular 1Dareot1on. Pemapa 



.. 
a '-liberate oper.t1an ot the Nll•t 878'- mt --ans ~ the 

-.rpnq of tbe alam eod• be ,...,1 .. • "Pla.q u pan et a 

llOOk drill - llUCh U tiN bl'lpdea ... tit -.V. tba \ tiheir ._ 

and •ahin•& ar-• hl.17 alert to aJ1f -~ tbat 987 ar1... ot 

eourae. none ot the-•• praotie• pNYail.•• at lbopal.. 

!here 1a an urgent need to 1mrN•• en lllDrbra m4 ~D\• 

•pee1•ll7 !..n deTeloplng ccnmtri••• th• abaolute neoeadtJ' er 
can-y!.ng cut prevent!Te •lntManoe aa a routine operation. It 

vU.l. not only preTent J!1f1DJ an aoc1dant. tNt it vlll alliO laaC. 

to oona iderable improvement in p~ op•r..t1om an«i capao1 ty 

util1aatlon. The ancmom benef'1ta vill bt weJ.: ll"t>rti:. the addi­

tional cc at. 

SAPftr ClJLTUP..l. - TE&: XEY TC; SAnn 

Appropriate hardware •w:h aa the -rgenc~ relict aystem noted 

aboY~ i2 e1;sent1.al ro-:- £a!'e operatior. or chemi..cal plants. But 

even JI0~6 vital i~ ti;e necessary eortv&J'6. It ie ~or thiP. J"eaao~ 

that much of ti:.l~ cha,r:ter has be3n 6evoted to t.~if: &o;.cct, e..g., 

tt.ehnclog:r, ct;s~c:-.,ri-t:.:. tc!":!lr.ce and now ci.i.l t.ure. 

!her. is ne> ~\.ibst! tut-.: for sefety cul ~ure. And toe real conuni t­

aent Jil\U.t s tP.~·t !1-0:.. .• th~ c!:a!~:~:n down tbrough Ak.. thu :-: vcl£ 

to tht ~:.u.-:; fl:")(: r • ':1: ~ cr.~-:1 cc inriua try -.. ua v... over"t?c l c 1 ts 

techn~cc.l cs.;.c..bil~ t:i anc in t.·.e proceal! '!:.4.come sc, CO:?ll;" lac~nt a1 

to t.l:.i?".U.. tl:at &cier.c;:.. ari:: tecr..ncloey col.Uc. a.olvc: ~~ !.. ti:. ~:-cb~e.."!le. 

It ha1 beer. ;;roved tiaae and •E's.in th& di•a•ters lurk arounl 

~ of the ohei&!.cel plu,ti: !n the vo:!"l<!. Tne CO?Wlplat'6?:cy ~t 

a partiau.~ar plant ma.nutacturing lazaJ'd~ua chmical Ila£ le~ tc 

a f'alae 1en6c ot aeeuri t; ainoe no •Jor aoc1ct.nt baa oocurred 

:ror ••v~ral 7eara. 'lt.lg 1E t.'le most undea1:rablt. scenario and, 

unt'ortuna tely 1 t •xi•t•d at !bopal too. 

Vbat ia the anawert 



JO 

lab ...... DlaolpU.. ., w. leftl ..... '' ... , ...... , 

._ '9p, .._ al- ._ •tat't _. wrllua ldll be oo11Yinee4 tbat 

• --.,87 la tow17 11 l"-' ta tt. tb1.a hu to be 4-onsrat­

.. 1'7 an.1an, ._, ._. wl'd8. &e\im 1• *at oa!'rl•a •DTl•tlon. 

It la •t mouala ju• to laan •at'•ty wrr.a•l s and etrlot tnat~ 

U.mu '1D .fbllov the mana•l. ~ere 1a a lot m be aa1e tar the 

eblef' 9DWt1Ye to put Oil h19 Mt'eq- ha) .. ,. boot& and mateYer 

..... ecid.~t 1,._f 'Dl8Ge8NJ-7 • mid Jut Valk tbou.gh UP pl1111t. 

to las ot diaoipline t.o f'ollow p:rooec!ures and not d-~ tc l!tek 

of' teclmolog. lo .. tte:r how advanoec! t?le teohnolc~ am he.• 

t'oolpJIOOt the aate ty eqi;.l~t, operat1Jit d1ac1pl1ne muit not 

be OftJ-looked. It 1.a ·~ to b·.iy •ne 1r..atali the best or •a!'•'Y 

equlr-er-t. but to •inte!.n ~t 1n perfect work~ ore~!'"· is .at.ich 

JICre dltt"ioult.. 2b6. praot~ce c~ ~ se!p~1?!"! O!" aatety cu: ture 

("!'nrK>t b~ l>cugh!., = t he:: to be evo.! vet anc L'lculca t~ c.. It haa 

tc be a part of the com;ar.:; cul tuJie. 

in 1966 vt.e;: e ver; B3r1ou~ ac~1dent ir. one of' t., ... 1!' ;;limg 

to rerte" ngularly t.lu po•c1blt. huar•th • t eech or theh- plant 

locationa. Th••e reYiev• ooverec! p:rocese oht.ai.Ptry, r&sotiYe 

ahem!.cv.&ls teat data• worst oaae situation• and 11nea or datenae. 



... ..nw lt.U M'-4 aa a atiroag a.r_.. ap1r,., a a •1'1CRU 

... 1._t. AJff ahortfall• lt!'OUltl' oat •• a re£"'..alt ot th• reYin 

.. ft •de 9»od. 'lb.a renew grovp •Jo79c! Mnior ata"1a Vi th 

11m nsponaib1l.1t7 to to&• Bo&N 01' Dlreetora. 

u a result ~ thia prop-am, th• 1nJur1 accid~t rate at Do11 
t,, 

1'~ to c. c~ aa COlfii>art.d to c;.4,. ~ 10!' t.L.c c:Ao:;;.ical iLdua t". and 

LlS tor all tihe 1ndu.atr.J. 211• total Dlftbe~ 01' rem U• ehemioal 

incidents fol~ by 50)1. anci the Dllllber 01' more &ignl.flc6!lt s.cci­

tlmt• (01' th• 1966. tr.>• I b;J two-t.hiNll. :&lt despite such remark­

able aehievemnt. th• eoq>anJ ia not C09'>leoe!1t. To quote a 

••n1or row oft"1e1al ( ~3) : 

•~111 eannot a1 t beak md let OU?- tlash!r1£. 11~~ ~ • au~ tee! 

neaa~• to tile diaa.s toz • 

a siJl:i;l~ quE.stions 

the incident't 

I doubt it. It JOU don't J!l81n~1n orr i~t~':lt, ifl t:_::,rc 

llft1 better ahance Of •1Dtain1?11' two, thl'Oo c,r fOW"''i 

Concluaion~ ~afetJ' oulture and d1ac1pl1.ne are a MUS'!'. 



...... to 'ab•• • t1a1a 8*Jed la • ... uer *IP'-• c,_ •> 
•U.S t1aa T1MM •t tam .a.cl.a er~ .. .,.,, 

.lppNJQ"latll er 1akm1'\S ate t .. )!•log 

er A4t•••• _. .,... te·h••l.oo 

.. prc;pontnt;a er .. • .. 4 t.m Ul• t'l. .. , .. 1iDM1'eyeJ.epe4 

... ilQoYerlat.ed \iaabmlog (9). pelbap8 na e""1.e~ 

am 'CTlOI OP fRCDOLOft 

tbU'9 1a mMlh to 'b9 Mid r.r tea till9 Ti•a. the llDM 9*'J'l"Oprl.at• 

lllpll•~ .. 'kqo:red' teahllololfi tor UpMa. .a»tluir £or zim1*0Ve 

UMl ,.~ anotaer- tor India. ~2'9 'MDW.4. b3h7•P• N a eo-m 

4'rm•!on moag th-. A tM:t.iaoloa -4• lio maalU19 tor a pool" 

eMm\rf woul• be a poor aot.ao.l.og;r. k IMl1J ...... .a& a t.eh­

DDlog wulL have 'beoam. oll.oletA in tile -.eloped _,Pl• and 7e\ 

Ulel"9 ""'ct.:'..ti be a '~ ri :c -;ag ! ~ .J 1 t. A li tera tu_~ atttarcil ll"Ould 

Nnal ~l!.f auo..': a pl'Oeeaa/tecbnolo«f 1A availa'bl~ •ott th• llil~U'' 

tree ot tlbarge. th• Nl•Tet patmte bllT1Ds al.Nady •~il'M. 

WD ... cu:i.1., ~ •~eond.-hanc i;l!t:t baaec oz:. tba obaoleta tetbnolog 

111h1eb VDilld nomall~ ~ay~ a :!W:re • ecr.:p' pr1ee mar t1.nd Naclf 

ba;J9r1 ~'""I')'S develo;;,! t"rC; OO\.Ul"Mi'.cJ6 at Q rnmdaa.s' pri.•e. ?her. 

are exian;.if;t- o! t;Uo.h 1wtllt6 •l•;.rbant•' littered all oTsr Uie 

dnelopi.ng vcrlG. 

1illJ Ac-. Wt. term th~ •wt..: t& el•_illc.r.t~ 1' 'l"r- one tJ)i.!Ji:. llU4;h planta 

u. not wortt. '4•• Pl".:.M pa.1C: !01· th.a a,,c! tor- ~th•!"' tl-;.•r will 

lie tar leae e!!'lei•nt than planb bue4 a..., and Upl'OTM 

'"_.. and we1moi.o. • p:ro._tiein _, vlll " 1a111aw _. 

then \."'il1 1- no abcDo• Wb&tao-.vtir !or ~ -...elopag oount17 

to apert tba WJ1plu pro .... , 1n 1l1e 111temat1oaal •rketJ>la-. 



'UJI~ b~OP 
• ••IR that a peor ••wr WI ts1:slri;ssaaa 1'9ftlt. 

._ ugunst ... , w ~ appJllGll:da'9 t.ohnol•sr pi.TS. .. • i.r 

•"lob• bcoauae ot 1'8 1nov-llltaa1•• •"'" •- aelt­

W•\i!J&. •1Dc• th& amunt ot pot pacruoe4 1• more tneortant 

tlaa the lllP'ber ot job8 .... .._ tbe la~'9r. lll _, -•· nnlu 

la uzwc-•&PJ crnrmamlag •• 11. ... low prodaaatirt'J. 

llPD aGb.1.eTed a 'd.aal•' in a Mre tr'lln• decade• main.17 u a 

NIRllt ot opting ror &tbaD0•4 an4 mo4em ~l.olJ 1ll ••.rf 
tl•l._ ~ qaanba jmp at.a.-• 1a the~··· 114lmi tor ax..,1• 

the per oapi\a at.el oonaumpt1on leap bo::~ed !'our-t'ol~ th• 

-•• p~tion 1111d th• .... eona'UllllPtion are at the root o: 1 ta 

airamlr.m de'Y8lopaent. I! J,.pan mil opted tor '11• appropl'1a'9 

er 1atel'S941a'9 teahnolo1J1 i\ la anl1kely that 1t would ever 

h•Y• beCHm• •••lo;F•cl. .1aDan •t•t•d troF. a Mfjl m ae ot \be 

•tate of •~ 1n •Y•?T fiel.4 and then illpl"Ovecl it ao u 1io attain 

a lead1.r,t£ position. 

A.ppropriau or ic.t~l"laedie te teo.l:molog leu~-••' ·ootn the above 

rejHtol. And yc.t theae are ~e ••?"?' tec~.noJof.ie.:. c.-.:nc: recc:ra·· 

enucS to:- developing oour.&tries. Aci'Yanoecl ~chnolog.1.ea \4Uob. 

1noreaae both tt-~ Abo.,..,.. re U·'\f>, 1. e., increued •ocial output 

8D4 1ncre5:set: fro!i.t&o111ty, aN 8Up8rior and hmce "9a1rable-

(CJ). B.e.T"'-Jli nlooted th• Y.':.r,ht teobnolog. bolr.: to ti-anat•r lt? 



...,_ w •" ct • .-.... tld.a .... u. er .....,... w • 
n.n - ._ -.. teebNleo --.rl• en Ja -.. •..t•l 

l_..11t.Jy .-tan. '9tmJoa SM1'*9a 

• Opera,_ lna'ruou.. 
1Ne1•6 tloo~Utlan wlU ftJ'J trail _.. to - ..,_., .. cm 

I 

tbe reoe1~~\'9 ftqui.r9m.._., and~ al.•o tlllB t•• ocmf>rhlllg 

et a l.Wll>awa IDCi/or a J'IOJlll'7• tbe ape-.it -1 al.ao p-ori .. 

tsr '1-aSnlng ot .. ca1yer•a {1•••• transferee) per90Zlnel at .. 

v.atuor•a tao1litt ... 

la tbat all., 

Ce the trwteree DOV 90 ebead vi~ bia projecti 

\llat Cloea he know abclut a poaaibJ.A, JIJO?AL ~ a1tuation1 Bov 

tiO prevent 1t or .ta1.Ung that bav tD Goal with ltT 

W... tho pctenUal hazard.a lnb&nnt in "-'* '9chnol1"£7 •na1cleN4 

a' the tiiae of •leoting th• WthnDl 001 

Waa aarety oona1m~at1cn an input iat tibia ea~? 

'fh••• are Y1\ial. ciue•t1ons 9n4 al.Ml\ be an.,.rod at tib.1• •tat19. 

8aH anav•J'~ •r be aTailable in w textbooks, but th.e7 are 

not poa enou,p. .i'Yen th• v.nareroJ" •ay not know all b ann­

•N 1 U 1ndeec! ._ U a Nvelat1on in •aee ot SHOP U.. .. the 

___.., lt known, ollll tihoy reall~ be t:rmiarer-et through c1o.-­
mtat1an-r hoi.bl7 not. In ou• 0£ UD.ion Cart.icle, acae et th• 

luJ operattas .-~ vue v.lm4 at the prf.Dell"l'• wel'ka, 

wt u -;-...\Jft or NODcm;J t.he;r were trwt•red to othw loea­

'1.w 1D Imla. 



I' l• our feellnc tb&' te.-.1.., emmt NU7 1te bautaM 

boa&ti _, a1DUDt ot \ · · ·· amktloa • "1 aeana d a 8Mn on-

tbe-,ob tratnSng. 1h• real. •trieb' "DDOt lal ~·• -4 Mil 

M learnt tibrcugh cxtar.a1v1 ~·1'1••• Pr6t'eNbl7 at the tNn•­

teror•a 1Datal.lat1om. 'Dl• Rlmafer \akM plaoe pa"ti~ rq on 

Id.pt .it.Ht. 111h91 m 1111toward ln9lden' lu;>pens ad pu baYe to 

._•1• quiok:l~ whit to .so. Pre'eee ot' an espel"t ~ ._ trana­

teror wbD baa gone throUfJ! ~ a '4rill ' ~.t'oJC can help. ~t 

aoon.:r or latei- :!OU will have '9 lie on JCl\lr own and ... 14- the 

l"l~t OCU'.Ne Of action to avert a!l tmpenm_~ 4.1.H&ter 01" ftt U~ 

that try to •1n1m1se it• ~. 

lluGb. has bem. t:r1 tten about the aubjeot ti teatmolo87 tran.ater., 

but a,.!t ot it 1e tl"Oll 1ihe Y19Mp8int ot' the transtnor. ~ieal 

et the:.e 1• a 1poa1 tion p~r• bJ' CIPIC {the auopean Oouncil 

ot' Cll•ical ilanuf'cmrer•• Padera\iona) cSee.l~ w1 th the ir 1nc1-

ples toP the sa!'e tr~ter ot te~"inolon. '!he "-oOUJ"!ent Wile 4N1't.­

•d 1n the light ot BnOPAL and it ~!med ~ tu?idm::entPJ. TJr1!!~1-

pl.n (Z6A l: 

••• whntsYt.:::" ~'" a1 t~ 'Jf tbe J)lmt, ! t;, ,.e_:re,. o~ 11&tety 

E1~t be t~!' ~'1!19• p11"1~ua~.::rl!' ill ~ Ncei'ftr 1 s f11c111t--

1es ee 1r. th~ ~~e OJi'?F ot the technoloey au.pplier. But ••• 

tl·_e mc~n!; Itust ~ ad<9rtei' to lC\cal e1reurr8tancea ••• 

'l'h.is 18 & JU!Or FtO}: fo:-r:s~d fl..'1C 1 t 1~ bOT•£:c:! lt .. &Jt 1 t be CC>me8 a 

part of ~. r..,~f o" Yf*-:!er 1~ tl:.1E 'l"'efare ... ~ert-~ap& Ul\061' ·th• 

aeg15 c~ !'n ~4;P.;n9tic.nal l!;r..i:~ su«i ae ulfl.00. It l• inte::re•t· 

i!lg tc n.ntc that ,r~l!i~z.?it Oartei- had •oufht to apt·l~ th& On!.tec! 

Stater laws L"'ll •tni:<'.£rd~ ~ -oollabontior.a ab ro._d, but ttie 

Jteag.-• .c1ii:-1r. :s trat::~:;. ruist tC.i.at ae.r!~ar. e l.an~arda •l:!oul.G apply 

onl,. at home an~ Ataer1ear. .:ul-:inatlo~• lhc-.:.lf. t'o11ow tb~ 1'~1tt• 



.. 

•t tba l"'M•lnr•• ocnmtr,. a• \he lattw e1 th•r .... , ah' 

••are too 1-ocaou tD be .. udlagtul. In uq ca•• tb.dr _,.,..._ 

-t l•avea a lot '° t.e dulrecl4 268). 

~ Y.U.3!' ~'1' al CO;yRO&gp 

It la accepted t.l:.At hmm llle ia rar too pnelov.a ta be lae 

lDput ir. tran~:f'f!r o~ hohnelcg. rio~ t.l ... e '1-&r.£.f~l'Ol" L'"l~ the 

tra!la1'•rM, but p arti• larlr the 1'onlar llhc uld. be Ti tall.7 ocm­

o•rne&! Yi th tto se.fetJ aspect tor etilioal, ecc1al. an4 •OOJ10mlc 

reaaons - apart f'l'OlrL tbll legs.! 11~111ty. eatety cont1~•ra!1on8 

aust not b~ cl~~ ~ ~1t1cal and OOJJQE!'Clsl com ~darat~on5. 
She po•i t.101: paper c~ CU'IC lihich ve haw quote4 above (;page 35) 

la qui l~ clear in t.hic respect (26A.) 1 

••• the high.est d•gN• ot ••t•ty reuom ))!y prac tioa ble 

aeeorci1.?lg to t.he eurrant atage ot lmovl•dg• ••• 'wh.1oh otters 

a le.,.el. of safety and h4.al ti. ;a>rot-;ction '!lo;i..1. valent to that 

&ch.i•T•cl 1n the home t&o111t16s of ti"_t technolo~- EUpplier • 

• • • ttie: pr1r'l£4ry rcs:::;<int:ibllity tor tr·ar.sferi~ ~ 'S&!'ct·v . 

The de.cue;;:: t (";, ~ - ' , •• ~ ... C" 
..... -- ... ·- •P_ ... tc f; ell o·.lt ~.e ?-e:"~e:ti ve. rcs;ot£sib11-



J7 

. aho baY• been oarrled .. ,. PNper 'ho...,l'k' ... •-1.•UoD . 

•' thi• .,__. ea&t ••"'• eona14erable ts.- an4 .-Pen• later. the 

nace••U7 '9obnologr •7 be aTd.lahl• either vlth th• .. utaemi-­

•r ot the produot or a aol• llo~llOr thereet. JD ea•• or eaatab­

liahe4 teobnolog1ea, .... , 1D •••• ot amDnia 9Jllt.h••1•, 1t 1• 

aYailable trom the eng1.D9er1.Dg oontraetor• u well. 

there la 11 terall.7 a 'IRIP•J"llarket. • Wlh•re one ean 'lbop' &l'Ouzi.t 

tor the :requ1a1 te technology. But the .,1n or1ter1on llbod be 

Yalue and not prioe, Yalm to 1nolw!i9 teelmo-aoonomio u vell1•• 
aat'ety aspects. Technology can be aoqu1re4 in om er th.Ne broad 

VRJ8 dependint on the level of deYelopaent Of ti» tran:steree I 8 

COWlb"Jr 

l. A oamplete 1 tumk~' plant, Llelw'ng j;;lmolog, 4ea1p and 

mg1neer1ng. equipment supply, eonatJ'Uetion. a<>Jmiaa1on1ng 

and operation. A •package' Ua.l - ideal . r a oountl"J in th• 

initisl stages or developiwumt. Adiequate guarantee• are a must. 

2. Tecr.a..:'lOlogy, front enc engineering, oona truc.t ion auperrl.s1on 

anc eonrr.iesionir.s - with appropriate guarantee•. 

3. 'l'eebnol\)g:y a.lone, 1. e., proce•• know-how and proce•• nov~eet. 

Tec!lnology 1 f' changin<. ~st and 1 t 1• advi aable to have aeoeaa 

to the sdv11!".cu: a.-ric newer develt)Jllllent11 attained by the trana:!"erc!". 

Per::.i.ftPE a rec; p:r-ocal a:rt>angement wh•Nbr the two parties agree to 

axcilante ne¥· ir .... fcr.:n.'!tion ar.c e~erience - tor t.h~ ber~ef1t of' both. 

A nom!.n~l a take by th6 t!'BJ"l.5f•ror 1n the n.,.. wntuN ~ f11e1l1 i;..­
ate thie. 

•IiDOTI.lTl. PO! A wnr-vn: ~ 
Jlegotia tion is a 11kill llhiab 1• ••aent1al tor suoc••• 1n all 

vallc1 ot life. It 1• partisilarl1 orucial and 41t.t'1m l t in the 

area or negct1at1ng tor technolo17 bl o•u•• ot the di.tterent 



JI 

..iwrai '-....... et a. -·"· ... 

.... '1atl• la --1~ .._ tD ftftlt la Vln-Loae llitaaUon. 

tbla · !aappem p~1e11l11rl7 'llllm tbe ••8D'1•'°ra an mt •kUl .. 
~ 

emqJl 111:"-an et n.egoUating. AD4 tbia •1' la th• laat 4eal. 

- •Snee •• leMJ> woul.4 baY• beocae vs. .. r an4 11117 taD n• ft 

UU - pod 1iS.ell tbat there l• DO ... ting pounl at all. TllD 

911._ l'Ul•a. to a tlln-vtn n ... t.tatlon aN a 

m&D IDOL, lLVAYI s It NqUirea · eem14erable Natraint and 

41ac1pllu, bat lt la poaalbl• an4 1d.tih11l our oontrol. • om 

•llll ll'l'l ate ua v1 tibout om- oonaent. 

vi•• vo rc1a ot !bola a Jef"teNon: 

Wothir.g g1Y•• a pencm mo m1cil abantage on.r another a.a 

11•••, 
DOJr''l l.TTRIBU'l'B xonvaa It l• 't'1.rtuall7 iq>ca11ble to read 

aDJ"OD•'• 111114. ao vb.7 nen tJTT aitu.u t:ru.at 1• at th9 root ot 

aucoeastul. negot1at1ona. Wl th tl'\18t ••tabliahed, the two neeo­
tiatora uan th•n proceed to tackle the 1aaue ~ technolou ne~­

ti . .;ion tor their mtual bene.t'it. 

!he potmtiel trana.reror •• alao the tranateree have a ooDX>n 

objectivw - to 1111.ke th• , .. al' an• th91 oan auceeed onl7 it the 

negotiations are car!"ied out 1n th&t 1pir1 t. or course, the 

transferee •1 ha•• 8CllD8 choioe• trom aong the potential truua- · 

t•:ror•a, but 1t 1a l'N8'a•d that a preltmsnary round has alreadJ 

Mken plaee and 1-h• pre•at round 1• to • ai gn and ••al• t.h• 

V1n-V1n deal. 

TIWllPBROR BAI OBbIGATlO!S 

91• teohnolog tJ'1nater •sn-.nt ,JUllt mpt1at.d "111 •P•ll 

out th• obl1pt10116 or both the part1••· !be trana.t'•N•'• 
oblipt1ou vill be ..S.nlJ ln n1p9ot et paJJMDt md oomnJ.tamt 



,. 
, 

tie .. ereq et b teelmolog m4 lmolr-be-. !be ·~•'1oa• d 

th• trmatvor vlll ft17 ha eaa• '° -· b ecm'1-ut al 

the •1.aua• tbe:MOt be1q •taUoN•• to '219 partlala. altaa­

tian. !be CEPIC poal Uon paper .on tbi• 8Ub~"' tao 'llbleh Nf'•ND-

M ba• 1-en earlier. atatea (26A): 

Ill Jr 1.no1pl@ th• reapona1b111 "1 f'or •ah proee •• ••lp. 
th• 1n1tial. t:eabnieal tJl91nS.ng, the npewialon ot ••-t-
1aa10Jl1Dg, •tart-up aaaiatano• and lntomation tor aate 

operation 81"'.d handl.ln,, ot protuot• uae4 or ll8lut. ture4 

should be part o.t' the technology •ll>Pl1era 4ut1ea ••• 

But this doez not go tar enough ill reapeot or ••.t'•t7• the N•­
pon.1b111~ nf the tranateror 1• 11.Jd.ted to •aate prooe•a 4ea1gn• 

and •J.nromat1on tor •ate operation•. A8 1t t;o aateguard the 

interest Of the •ranateror. the .position pttper lbioh WU 4ra.tte4 

•• a aequel t.c-i BHOPAL. a ta tees 
.. 

Bqu1 t:v 1nYC1 Yl'!llent ia not neoeaaaril!' link•d 111 th opera-

tional control ••• no party can be held reaponaible or 

legally liable ~r, tor reasons beyonc its oontrol, ita 

role !n oonduct!Jlc and dont?'Olling aattera atteot1ng 

aafety iE limited or non-e.ttectiYe ••• even in caaas or • 
equ~ty 1nvolveznent, contract• •houl~ be ooncluded 

betweo~ technology provider and technology J'9ee1v•r on 

ar. an:1~-len~tr. bai::!.i:;, 1.e., as ze;arate antit16s ••• 

SUch a clause ie AI! ideal 'eocap•' clauae tor tht. trana1'e:ror 

o! technol ""&J • Ile wil 1. ha.Te 'best ot both the world.a. an a49Q­

uate papnent tor tbt: t6c.hnolo~ but with no res;ionsib111tJ' o.t' 

1ta .... F ••e in reapect or •a.t'•ty and lik• CDD 1 .. rltiona. 

!h• olauae alao 1mpl1e• that the tecbnolog trm11'er 11111 be a 

•one •bot• a.ttair. ln•t•ad a oonumasng :relationahlp tD MY•r 



ruai. ah'llMM• u ai .. ,,,. •• et ap91'l••• ·~ ._ '- p..U .. 

wult be mu-.117 bwttetal. 

JllGB-WIB MJDOLGCJY llbBf g '!AIWR' 
.._ or ~ ah..S.eal planta baa•• Oil •d9m t•elmolog laftln 

b.1.Ch-rlllk. ~ rehe• rl•k• OG11Pl• MDti.l .,-.taa ae ••• bat 

~·• are higbl.7 'YUlneNDle 1lo tallun. Pall.are ot' .. ~or 

OGllP<>Dlll t oan ln1 tlate a eh•tn reaetien an4 "1 t1ma t.17 ,_111 t 

1n a eataatropba. !bi• 11 •xaot:17 11bat bappe-4 at lllOP.U. and 

DII nuclear power plmt. 'helmolog1ata ma• J"iek UMaaoN ~ 

•••UN ua that a •Jor aec141ml' la •ext:z-17 wlkel71 a4 7•t 

a BHOPAL and -nr 9uah baYe happ.n.d. !he 8\1.tt'e:rera, or oouree, 

&re aeldoa t.bo•• vbo 4-•ip, operate and eantrol aueh plAnu. 

lmloo.:tt people, 1n ~ and tbeuaau 81&f'r•r ad lo•• their 

llwa. On• •Y well t'•el that (Z7h 

Ul.tblately, the l•aue la not ri•k, but power; t:he power to 

impo•• ri•k• on many tor the benet"it or t.he ~ ... 

J. br:.ad aoo1al ie.ue vhioh 1a hard to answer. wt bopetul.17; 

better mane.gemm t and more opera tor tra1n1 ng 

c.n elirdnate or wintpd ae such oataatroph•• u lllOPAL, by 't•-
in£' hir,h-r1•k technology ad learnh.g to 11Y• 1'1t.h it. 

~:e hi~ and ycung technolog1•• Wah •• nuolear power haY• 

pe~eet aa.t"ety :records 1Dlt11 a TMI or a Chernobyl alert u.. ot 

th& eno?mOus r1ska. '!he pJ-Obab111tf d the .. ltdown ot • nuclear 

J-eaetor Core. considered to be the aoat aePioua dia ater. VP 

oaloulat~ aa one in 20,000 ,...n or operation. tight yean 
I 

latsr in l9R2, anothe1*lak aaaeaent IQ'OUJ> plaeed the r!ak a• 
I 
I 

lo tt..s greater· auob'. 1• the unawt.1nty 1n thi• 1nf'ant_ ••1•••· 

Th9tl too people are not 1.llpreaaed bf the pUP9ly atat111t1oal 

aapect ot riak. 



Va'11 rtu ••••~t ••••• ~ •" ... , ae1-, lt mar • 
•N •a&n1ngf\11•1"o:r the U•M80R tJo itent117 a« 18W the lm­

.. J'taintlea an4 gin range~ llbl7 NU-, .. 111•·--s. N9J>­

•ct1n oona•quen099. !heir pree1•• mwben &1• a. abeolut11l1 

tal•• hlpreaslon that tb• aelenc• la exaot ~ ene ean Nl7 or 

1 t. In lapsan • • language l t 11117 be better tie Ja»v 9lat w are 

r.ll~ 4eal•ng VS.th a aot.noe wboM oretU.'bilitJ' la Jwt to be 

eatabl1mhed. 

Proper managment ad extmul:n and OClllt~xmsng operatora train­

ing, aa suggested aboY•, l• 0111" but 1muranoe agalnat a d1.aa­

aater. Adeq-.ia.te and proper aafety equipment oan help the oper­

atora in t.heir aiae1on 1io operate the plant aatel7. ait •quip­

••t om and doeE tail, and operator t11111 llD4 doe• uJm al•tak••· 

5quip:ment failure can be pre•mte4 or ~ ... to a ll1n1Jlm t.hroll"1 

:regular :prevant!Te •1ntenano• an4 aerri.e1ng. ~a to their 

learr..ir-z procee ~, operaton "111 become :more elQ>•rienoed and 

make te-~er mi~taktts. Mock 4r111a, u 1n n.re ifisht1ng, will 

t'urther en!!U.:!"ft that the .. chinee (aate~ equipaent) and aen 

11"111 help ~revent d!ae11tera. 

Gcvenir.;tr. t~ 'hav~ an 1J:JPoi-tA!lt :role to plal' in r~ aat'e 

O.F•ra~! ~. o~ c...lier.d.c2l plante - ~--ro~ their po11o1ea. regt:la­

ticLs er.~ le':".~ slat1cn. Next chapter dea1s vi th the•• a• ects. 



a TS.91 role to plq 1a '219 •tter ~ prnct­

lng !HOPAL tn>• diauter•. !o be reall.7 et~ect1:1·e, tb.e1 nee4 to 

go~ h.rt.hw' than a aere •tat-.it 9Uch UI 

It 1• forbidden to haTe a aoc14ent1 

A viabf'ul tb1nk1ng. Or take a lepl requirmaent in one ot tt.e 

•tate• 1n u.s.A.1 
Fire h74ranta mu.at be checked one hour before all t'1Na. 

'nle govel"Dllent pol1o1ea h:ive t.o be nalia tic and JIU& bE ln 

tunt. lid. t!"? t.be state or aft'a1~ 1n the ahtmical 1nduat17. 

l:IOtJLll!'IOllS & LIC ISLA !IOI 

In ohapter 2 (page 19-20) ve poae~ th• quaation: 

Car regulatore reall1 regulate! 

1a totally ocmm1 tt.ed. 

At"ter all 1t is the caapan7 1taelt v!io know JaOf;t abo-u.t the ahem-

1etl9! ot tbe process anc! ha.sardt: thereto. Reeul•tc TE k!lci•lE-di€ 

is secc,nd band and in &nJ caae the7 can regulate oril; ,..~ tt. t ~ 

t'ull. cooperation of t.he 8l11Ployer and tlllJ)lo~ee. N<' wonde~, tr.er:, 

that on!- of the p&per& on this sub jee~ haE tt .. e w1usua! an~ 

provoea ti "f'( title ( 3}: 

~.it '.:.he Safet) Insr ... ector': 

llbn t 's t~ t arLS'W(. :- , then? 

A :i-.t'l-eshiilf alte:-nat1Te noteC: earlier (page 20) ie sel!-pcl!ci~ 

by tb4' manure tunng OOJlll>aDl i taelt. It ia ll..<ely tc be!lP'Ve 11': 

a :mo~t responsible J11LJ1Der k:Do.-1.ng that tbe •buck stope • here. 

'lh• :10r&l and legal reapona1b111 ty tor their action. lies ent1re-

1J wit.h them. With the regulation.a and ilwpeotion by re£Ula tors, 

tihe OQltp&nJ Jl&1 t .. l aom41What abaolYed and eTen oomplacent. !lit 



9le I ' SQ l• a.Jl9 .. , -N~WUDc tbe Nplatl.om la -

s.-. ......... , • a. ..... r. 
thae ... aenal --Npl.ato17 .. -.ea t'er ••..S• rilllr. All 

ln••re•tdn& _. 18l1IAal appl'OMh -rgecl at a bilateral OO?lhl'­

_. ~ ._,ar111g ._ 9er1em 11114 We•\ a.- pra.Uoea hz­

Nftag!q rlak 'both trb.magb regulato17 .ad :non-re,ulatory ....... 

!h• -tho• vere rated baa 1 ('beat) to 9 (wont) mid ti. e!.ter­

lcm ••d were: Raas1dua1 l"l•k• mqu.1~. A._in1atratlft •Lllpliol'J. 

hulap~ • Side ettec t• and CUI. tare. In41 Yi dual rs 1.nga t'or 

... •tbod were then oomhh•~ t.o Ji.&l.d m oY--11 rank. 2he 

t'1n.9l 1'9aul.ta ot t.td• ••~ are (20)1 

!able 2. ltteetlTme•• ~ regulatory- md non-Ngula to~ 

met.bodll. OVerall NDk: l - ber.-t, 9 - worat 

!!!!!!. __.119,......tho.......,_d __________ _ 

7 Oaltural and e4uoat1onal intluenoes (beh..'!viou:- ir.ociU'1cat1on) 

2 lnaUJ"Ulc~ (including sel.!-insu..~ce au6 ~ loan .i:racticea) 

3 Legal a-,ate.& ! toM. 11 tir.r, tion) 

4 Liotnalng of plLYJt operato?-6, prof'e aalonela etc • 

.5 Marketplace 

6 Negot1et1on an.~ Arb1 tretion 

7 Vol\U'ltary 1ndl:.rtry ~t.mdards 

J ~.s. re:-uletio~ 

1 ~ost Geraan ref(Ulation 

!he rating/rarik~ axerc1.ae va" carJ".lect out by ten 11a:11bara ot 

the vo~ing groUJ> at the bilateral oont"erenoe baeed on tibeir 

p•i-aonal knowledge. Altbou&b 80aeWl&t •ubjeot1w • it 1& ..it 

that the aboYe f1n4'51'f!'I' --r be quite •1gn11'i•nt •1.noe t.be eu:r­

e1•• poae4 the :rir;h t question•. 'two mnalua1ons tollowi.Jg tram 

W.• ... 1 ••Ni• ..,., 



i. .... ftllll,a'19a ..... ~. pe ........... 1\ 1• i .. . 

po11t.1e1H4 tla.Ul v.a. ...,.,."- -4 -4 bu ~ te=s..i 

---'-
2. Ba. l•pl SJ•ta ca.-. out •tter *- QPMM4, 1Mtea•• or 

1u IL1p rat1J:tc on •qui\71 Va&pare.7 and nltwal aoeept­

al»ll1'7. 

0.. •.C or •ut1cm: '!he aboY• eu:rel•• relate• apeo1t'1oally to 

-•.Sng aabeatoli riaka. It waa rep .. ted ror a lov-probabillty, 

hlp-eonaequenM ••ent (•uoh aa llIGPAL), but the I"elNltB tor 

till• are not included 1n the paper (20). It ia, ho'WYe!", atate4 

that the r&t1~/renl::j_ng 1s &ens! t1Te to_ the: 

part1Wl.ar risk probl- beilg eonaiclered. In ~'lo tll> oaeea 

001111 idered, 1 t tul'll•~ up q_U!. te 41..tterent lllA!lage!:lent aetho4a 

ae appearing moat attractiY• ••• 

It 1a cl.ear that non-rt;,;ulatory aetao& a! mana&ing riak dese:Te 

ael'icus ocms!6.er-ation10: t!:.e gove!"Dlllez:t&. le~-&p6 intor.:a tioP...al 

agcic:i.ee iru.ch •• t;"?~.::!.Y... ('!n1 U.d taY.•: e lead ir. thia respect. 

RIOHT-1'0-KtiO• & OB~IG~TIO~-TO-T.Gr~ 

the citizens or Illopel, Vho bore tbe brunt of tne ti• ater, were 

ignorant of the high r111Y. t.bfoy .faced h'aa the Union Carbide open-

India 1• not ~t ~tro~ enou,P for the P4'0ftl• tc aaaert their 

riSit to knov t.he eY.tP.?lt of' J"isk th~ t'ace. li~r are there •pecifie 

lava Mkir.i.f' 1 t. obl1y,e torr !'or tn.e oompan'J to tell tbe cor.:rlll'11 ty 

about the: r1aka ar1s1 Jlf trom company' 1. ope rat iona. 

Jl!OJ>AL m&J v~ll Gbange thi& picture. ·P'or ontr t.h1ng, tr_e !mar:e of 

ebamioal 1n4wlt1'7 aa peJ10e1Ye4 bJ' JUn hu autt•N4 a ••nN blov 

ud unlesa tbe J.nO.uatrJ counter• t.hi• bJ a atroJlE and poai ti T• 

Pl'OSJ'll •• tbe 1n4utrJ ~ lo•• l'u ea•• b,r tterault (5). InduatrJ 

..... to be llUch more apm about lta opeJ"lt iona, in pa~ieula:r 



nl&U91l 1- a.a t,-pe ot rlaka tor·._ ••-m•l11'J' arom4 S.\• .-.-

'1ona. Oi•••ntoatlOD• wt be nn,oae '• 1'1aatm1a anl •t )lat 

of b publ.1o "laticms ottloer ot th• om.paDJ. I\ la •• aa 

Ule moat iaportant t\mct1on. enn mead ot lzmontion. produe­

\1on an4! ill&rk&ting. And th• 'm~f•sage' alt be 41rec tet! not onl7 

to th. oo:mnm1 t? outs!dE• but aleo to the worktorce v11b.in - tor 

th91 llN expoae4 to even greater 11.ak - being cm the apo\. 

1m1'1l the oh-1.cal 1nduat17 puta ita bouae 1n orcler in th1• 

respect. 1 t ts nece6sary tor U. goyenmentE part1ai lar-~ ot thB 

dnelop!Dg oount1~ee tc enact the necesearr leg1alat1on. 'lhe 

1nc1ustrr leader£• meanwhile, ~ hllYe to edu.m t(; themselver:: to 

be better C<lbfnmicator:ie 1.Jlstead er ta.ki.n£ ehel ter behirt. t.be 

llJ'•terious 'Bl.aok Box• or chem1oe.l 1.ndu•tr:J· 

hter B Ledermm, one time heat o~ .ialY!rorner.t Protection ~ency'• 

cliat~ahe<i r.corC. in this f1.el>l, is quite clear about 'tt1ie 

subject (21,: 

tenet:., ifbst a1"'5 tt.e plans, vhst •~ the r1Bke ll?ld what a:re 

t:•e banet'~t~·· ~e ':-·!.:::.. nc lonr:e··, be abl'! t0 hide behind •it• 

bs.;.!.ld.!.ng and cporat!.n( is !ndeec aafe R.?1d desirable ••• 

Ir. er.rec t, t.r.c •mack 3o:r. • will nee~ to be O?ened out eompletel1. 

PUBLIC .3.'-f':.TY ~-::u. I!'!l''.J~TA"i'"T ~-A~ 1 30:'~"1 LINE' 

'Bot~ i.1ne' 1a 1.mportsnt, but at what ooat? Certainly not at 

oonaiderably, but one source (12) :places it at 1j.[> million/lit•. 



!ha 18.- 18 a 9C11pla 09 lnW»lYing Yal• ~Jl\.. Ja • M d 

lllOPAL ., .. lftealq ancl ._, other •hllla• pleu 1n a-era1. •• 

haYe polatd .- (pap 28) that the -re~ relief 91at.i ia 

not acleqQately .. •1gned. To up~ .. 1 t 11 ~ d1tt1cul t 111d upen­

•ln prooeaa. lN~ lt •ay be (26B) 1 

trighttully eh•p 'lthe!l ,ou consider the coat or an acc1clant. 

An 1ntormad P*bl1c and operators on t.be Job ma7 vell lmaw about 

•cm. potential hau:rda th.at the experta _,. baYe ignored. •· g. • 

(1911 'im ~ liiaregud to Jlael.msh Vall9J fl.?•llne renal.•• 

that natlY•• kne10 .much llOre abouf-tc.. r1aka due to 1oe-pack 

moY-.nt mi~ ••a-bed !!O<>'.l?"1nf than tb.e i: lpellne • ~ J:l!Ln!lerE L"'le 

designers. In anot-~er casa. a post-accident anAlyaia ?-ttvesled 

that -cbine operatore vel"e aware or hasarcla ti:a t ti. 4ea1gn.en 

had Jli•••d. 

Publio/001111:t1lli ty have e basic r!.~1t to. 1'e?:".and t'>ln t t£~~ chetlcal 

plant in their area le operated ln a mamer :sc; as tc ensu.:-e their 

Bav! (l) I 

elaewhel"6 ir. t."ie eou.."'ltry an~. ~e worlc!. 

Collect relevant de tit ar.~ !.nt'o!'!nat ior: ~oo·~ t t~~ ~ ~.zarf~. 

Questior tht:. neeo tor ir;'lnufaet\:.rinf or um nr l'!.!.~hl.,.. toxic in~tel'"-

1a11 on cone1derat1ona or ooet and ber.efj ts. 

•tr1ct le,1elat1on and controls. 



• 
!!alp t'oi..1&'9 •• arruap •r..ook 4rilla• tor a .u.-., pl.a 

to oope v1th • mfoNaeen diauter. 

Launch OaJllPaipa aptmt llUltinaUonala prutle!Ja double a\e4-

arcl8 at boa md a broad. 

.Strongly sup;ort action or 1Lt.rnat1onal agenc1e£• auah us 

'DX (t!n1 tee Nations) 

~ (Uni tcd lat1oJU! Enrtromunt J>l"ograDi'1119) 

UNCTC (lhi.ted Nations Cour:.1aa1.on on i'rmanat1onal Col'p<>ta­

t!ons) 

UJ;llX) (Unite~ Bationt. lnduatrial & Devcl~t ~anl•ation) 

lLO ( :n tt: -na t!onal Labcn .. r Cirgsni r.a t~on i 

PAC; (Fooc";. and Agric\ilture C·rgar .. iaation) 

~(; O•orld Heal th "."1rgan1zat1on) 

OECD (Crgsnir.at1on tor ~cono~c Coo;,er3t1(;tl_ ·~- ~velcpmcnt j 

It LLC (L'Un>:t-f.BI: bcvnomic C.omr-.i;nity j 

'!'her; 1E- a dictt0t.oz;;:y 1n r~s-:£.ct of saf~t.y s"Pnc.ar-c.: to oe .follow-

respect of haz&r·<io~;.s ch::. .. ·J -~alt en ci ti";.e1· n.c.:·.-exietont 01· 

fke!"6l'J on pa;: er. TrLF; re is harW.y any ento?·cement. n~11c."1.1n~ry .... Thi~ 
,. I- j _:;.:; ~ 

wag aou;!~t t.r ~1c c0 ""J""!;;C rec:. > .... ires:".. ae'."lt '.:>~:·:.::·, ::·.:: h~e"I~~ 

tor u.a~ no;r-h1•t.1.oatel! anci autor.\Btlc contl"Ol&. :r::-. :matte:-t ot 

of Jm:lt.in.&tioruils til&Aselves to tollo11 the •mne &tarJdar·ci. every .. 

vb.ere. Pailinf' eurh s@lt-pol1o1ng, t.heN 1£ a atronp case tor 



lnt.Pw.,tlon br 1nt.mat1onal agende• 

Md abapter. 

.. 
!be iasue 1nTolyed 1• a broad one met l t baa .. Jor S..,11eatlcma. 

To OOP-Ply w1 th the et:r!.ct at.antard• mfe,,uiat1ona PNYall.J.q 1Jl 

li.s., Japar;and other clevelope4 CM>untr1••• reqDire• elaborate 

•quipm-mt and substant!.al add1 t1onal. coat. !bis baa 1•4 to a 

major Mb.U't or bazadow: and hip pollution operatlona ~ tb8 

4~Yel.oped lforl<! ~ t..~e d.e'Yelop1ng oountrlea •• !teeults Dnelopin@ 

001m:tries haYe become •pollution bnens• (29). '!h11 has hap~eed 

apeciial 11 1n case or aome • t:roubled 1nduati-ies 1 like asbestos 

lt'?1 Ch ha S bee-:'! CG!"~!"ne ~ 2 ~ ~ e C".!°!.pri t f'c r Cat:.4 Ilg t.be l~g 

diaeaa6, a~be~tosis. 

Aabeatoa still tlnda large ecalP use 1n t.he &tYelope4 Yorlt"'., but 

D>!'t of the na.:r.d°a ctu.ring Op6'7'at1one haTe been ab1f't.ec! to Brasil, 

Mexico, Int!la anc South Africa • .lnc ironically theae are v1t.b 

teeh..9'~ cr.l enc fi:iancif!.1 collsbol"&t1on with tn Tery .t'i?WI (e.g., 

l5s~es ~act ar the~e ~11 for UJTr..1t action by tne government~ 

intlevclopec ttra:-.!~eror•~) ecu..~t~1ee - tor their ovn ee.Jce. ibis 

so-cellec export!.r1f ~cl>£ t!"~r-c·Ue'"t Bh1tt!.~ cf' he&& !'doUE ope rat 1ona 

to per:-~ ::d. \"F- ( dt velot-!ni:::} ccuntr1es \JraE:r t;all 'baclr..f! re. ' ( 26~) 

Per e.xaorlt.. C.ea~y pe.ttieltles may comE; 'r...a.-or.e• ir.. thE: f"arm ot 

•a.'"';10}~ ~: .,.-'.""•·:- ..... ~ ..... -~ ("".•P'.-~01..·1~} ~T·~~I~~ G·CT~_-.. n-:J"."'"" •v- . -- VJJ•.a:u.~ .. , .... • 1 .1. • ..-~ ~r.t:. .QA..., """'1,..,.._., ~ w.t . • u...t:.-1~~ 

aount::-·::.c r ~w·. 7'ro1cr.t - 1n tl".tt best inteJ"t'st of ~ the partiea. 

1'o an extent t;1e: probl1111 ex18ts wi thi;n th~ deTeloped world a• 

well. Wi~n-:;£:: t"!"'.~ 'acic rn1;.• in Er1ta1n ar a result of 1·'11.:phur 

oxide• ttciGsion ~n Gc.rr...an:- o: vice-Tt.raa d.e;::end 1lf' on t.he wind 

• 

t 



' 

• •• eta« tifte'1cm,or .. ndiatloll tali.8 lJa ..,.._ d a 

nalt o~ th• Clauno'bfl -a.&ate. 

Bae tnelopllag eo•trS.N ~. aaGb. ., ••• vitaeaa tile EOIAL 

OP h ••b••toe d't'a1r nmag mDJ sw11. hen .. t:b., llUlt .. -'.D 

•• lldttatiw. ln\ema'1enal agmel•• part1n.la~ 11111» 

•111.d be the J-1.gbt .to"8 fop 8Ueh bilateral Jlorth-louth '1.alog­

•· 'lh•J can play a oatal:7tic role and em alao rtev the 1••• 

4i8pua1onate.17 - not being diree,17 inTolTe4 ln 1\. !heir tee­

Dlwal experta/oonsul tanta • by Yirtue f1t their •llP•rtl•• 1n 

baaarcl and disaater pNTmt1on, ean make •lUlbl' cntrlbution 

-to negotiations anc! help •TolT .. a PI.All OP AC'l'IOll bJ t.m napect-

1 Te aovernmcm ta. 

Di9 negot1at1om will have to be oonduoted on baaia ot mitual 

tl'll8t md aa •equal.a• - atter all both vlll pin boa illpleaent-

1ng t.be agreed PLAN. Beside•, they need eaeh other/ With t.hi• 

baaia. the scene 11"111 be set ~or a taToU?'9ble result • .Another 

plus ra~tor ir. this re6;>eet 1 f! the evolution ot ~ single glob­

al •monoculture• of acienoe. engineering, t•chnology and 1ndalat197 

everywhere. A.a a reaul t the top engineering and managftlent talent 

1n the developll:g world •-.area Vi tl: t.he beat in t.he deTeloped 

world \2~1. '.Ihi& becomes quit~- obviolll! at aome ot ta 1nterna-

tional events on a wide ra~e or subjects. It e.lao points out 

clearly tnat, t.hanks to the 'jet• ar• arlc infltant aonmnm1cations 

Tia eatellit.es, the worl.d ha• 'ehl"U?'Jd' A~ a Y"e&ult 1nte~nat1onal 

cooperation tekec. on an new dimension anc 1 t become• a oompuJ.aion. 



·-
.. •P1• baa .... llll'l'*'• fan and the ... ,1'1 .. Mn " 
«IP-' • •eb et.he•• "1th ....,_1a\er-t.pen4m• u the MU!bop• 

lntematlonal eoop•fttton l• .... t •• •1149r. on. or .. •ftr 

•taor1•• an 11101At ~~-~.l30) 
!I! WORLD II EOlAJ. 

th• BHOPAL tNCectr -• •nuba4' all oYer th• vorl4, al.Jloat 

111.8\mtl.y. It •ttnD"N4 aroua4 ld.dn.iatit, ba1.t th• world •a• aal ... 

a4 th• et.her balr avalce. the '-117 ~ ._. penona bpt en a 

~'tlng t'll•t ad reaobet! •ueh a1and.ng mar>-re ror lllOPA.L tao 

qaal:!~/ u the vont nv battu'Plal ts.aaatei-. Vor» reaot1en 

tlo the 4i••t.r act the nnou eon•l"ll ap"~al.17 1n the eh-1eal 

1n4uatry ahovect that 1 ()0) : 

t.be world 1• l!bopal. a plaoe lihere the oeoupational hazard 

ie modern l11'e • .ltter thia trageq 1a out ot the neva ••• t 

things ought to be made oonsiderabl7 •afer than t.he,- were 

bef'o:re lhopal ••• 

J.. conBiderable amount or vorlc/aet1on at oompany, oomnm1ty, 
~ 

goYernmer.t and 1.nte!'laetionu levels ha,. inct•d followed the 

BHOPAL d!saater, but ¥'th1nge ma: not have ~en made •consider­

ably •af er-. 1 More action at A.LL levels ntill ramains to be takci 

an~ 1n any case the situation with regard to aTerti!if; di•ster• 

1• always dJn,milo. It call• tor eo~tant T1g1lanoe • 
• 

IITEHBATICJt.AL 001*8 & 8'1'ABUARDS 

We haTe noted at the outa•t (page 1) th& tor pl"9Yent1on .ot BJopal 

type ~east.era, ve muet.s 

9dnk globall7, but aot 

.Ution, ot 90\"J"&e,,haa to be OD 

·ll1. 

., ot. Bllt be•ua• 'the wrl4 



.. •t.ateg ror PNftll'1.ac UautaN llaa '9 .. 

pl- •• la • 14 ...... '-'-

._ ot th• t.4temat1cmal apnelea are alreadJ ••1••4 "1th the 

prolaJ.• an4 baY• ... •l&n11'1••' •n'r!latlona towards 1 ta 
s 

•l•U.. WJDo, 1'or •a"t>l•• hn9 been Cf'lJ.te aetlw 111 the teoh-

•log 'rana.ter •Na but llO:m• la sues (e.g.• page .34-5') •t1.l.l 

.... to be '•o.kl•4. !be Wor1d Bank haa OOJll>iled an u:bautt•e... 

wnga} ()2) tor ba&&Pda aaeewnt and have al.ao prepuet praot1o­

al. gu1 .. 11nea 1n •t• r• rd. Ve diaouaa theae la ter in tib6• 

ohap'-1-. D..u have preia red. a Yaluable •du.a t1on JIUlnual. rnr vortc-

•n UMt baYe 'rawn t'o~• leaaona tor p~-,ent1on of' acciclmts. 

!he•e AN (l)h 

the probl• ot a•cidenta during work 

IJhe origins or accident prevention 

Aocidenta inYeatigationa and atatiatioa 

lame principles o.r "OC1den" pr-eyentioi:.: J-1"- :..: e.xploaion 

Other protectJ.ona 

lane practioaJ applicationz ot accident p1"event1on 

prlnci ..,les 

feychologiosl and physiol•gical aepeYt8-aecident prevAnt!on 

Propa~ftnda, educe ti on L"ld trair..!.nf 

Special cate!7or1es of wo::ricerl! 

Sate ty ac ti Yi ti es in the undertaking 

Bllrly industrial aafety aet1Tit1ea of g0Teni.~ent 1 public 

authorities and priTate aasooiat.1.ona 

International sar•ty activities 

'l'Nct. 1Dl1on1 • workers and 1ndus tr'ial aafat t} 

9la tOUJl'th l•aaon abow d.ealiig v1 th ti:re and exp!onion 1e based 

I 



en leuou l•Ullt f'raa cU.auteN la .. *-l•al lnlu,17, lnol• 

us,. th• an. a\ ~ixbol'Ollltl (lK). A .ru an tmr'• tor er Ailh 

dtaaatera ts the preaenoe ot thrH el._u 1 OlCJS-1 tael ant 

beat. A'b8enoe or reaonl o~ sq one o~ theH 1• Nsent1al . to 

avert a -cllsaater. !his 1• indeed a gD04 m4 ablple i .. aon tD 'be 

it1p:reaaed on thf' wol'k6ra and bartng undeNtood the ba•i• • t.hey 

• mould be in a better pos1 t1on to pre'YeDt d1autere. the aanual. 

llboul~ be tranalated into loo&l· languagea of •eveloping OOlmtr­

iee - for uae a• a text in f'o!'911 tretnJng oouraes. 

DIP~'lATIO:l A'f LOCAL !!!p, 

It 11 obTioue that ultimate aetion to preYent a diaaster· muat 

be at the looal plmt leYel 1h•lt• KlaboNte mmal.a and. aatety 

inatructi~u. mether in-boue or national or 1nt.en:mt1onal 

lnela, are ol' no uae 1D1l••• tranalated int.o praotio• at the 

chani cal plant. 

Por this purpose, the plant organisation 1!IUS t include a ea!'ety 

task tef.IJll hesded ~ e senior exe"ut1ve. 1}.1~ te8l" ensures proper 

se..:tety enf2;1neer1nf! r,ontrola at, Yll:J91oua leYeil 1nclud1 ng 4ea1gn, 

oonstru.ctjc!1 and !'1PJ:u1'~ tur1n~ The tea:~ alf'~ CBrries out (29): 

J>eriodie safety aud! u 

Su.!"!1rise 'Jl'JOck' dr111E 

S11""c ~:· ts?r.i .... ·t M?"crt1ng throUf':h. failure renorts 

Ccn~tar.t check on et:mdarda and their ap'.1lj eeb111ty 

Re~lar t1'P~ninf: anl refresher· ooureea 1r. safety 

I.! te:r-at·Jre ljC&n of ace!. dents 1n the industry 

Draw relnant lessoni: rrom theae accidents and q>grade t.be 

en!'et7 eysten~ 1n th6 l~ght of theae leesone 

1'le relevant assoo1at1on at national level, e.~., che!!i1cal 
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llal&1'aotunr•1 ueooia'icm 1a •• v.a. an4 theitt eounterp&PU . 
la oth_. ecnmVS.u pu)tllah Taluabl• 1ntoma\1aD (•.le, 6) Jlela\• 

1ng to risk mnag9C\ and. :relatect top1oa. Suoh-•hl"lal -..t 

be eaamt1al read11lfr fi>r members or ~, safety task team and 

trlmalating the ••• at the plant lewl. 

ILO has 1'9pol"t•cl {2?} that the "N.tc ot tata.l induEtrial acciden­

t• 1• aeye:re.l times hi@b.er 1n t!.eveloplnr. countr1o• than 1D the 

d.e'Teloped world. And ••en JION alal'llli.ng 1a their 11 n41lg that 

1n man:v or the develop1n~ oountr~e", the r&te or 1'atal 1nduatr-

1•1 aec!dent.• l\"!!El rirtn, - prnbsbl:y a ranl.t of inadequate inv­

••tment 1Jl safety-related bardware and software. In addition, 

proble!l!.B ot technology tNDater (page• 34·5l. arpbu:la on produc­

tion at the COit ot Jr:.&1ntenanoe, insufficient tn1n1ng or opez.­

atora in aatety matter5 and non-comn1 ta.ant bf 1:1Dp managwnt to 

safety aspect are tee tore requ1 ring urr,er.t attention at t.he 

~lant level. Ir- er.reet, ~ 1r reqctreC. is adoption of an all-

embrac111£ safety 'culture.' 

ROU.. OF WORLD BA..W 

rrompt e...Tlf: it hae already been tre.n~:::..a ted 1ntc- rrcct1eel ect1cn. 

We he.v~ r~:- te(! abcvf. tr.~ cor.pila tion of a mmual for ha1.arc 

COJ!'.Plj with t.ht: CU!.de:i..ines. n~t- ~·resent edi t1on 1E ::.f".t£llec 

•preliir.ina!'y gt:.J.dcl!.r.ef. 1 arid 1t. is h.opee that witr. t.~e e~r-

1~nce r.ained ir. <t.ie coure•, a final version will be issued. 'the 

aim/goal ot th• guidaline:J 1• three-fold (30 1 .32); 

Identify the potent1al hazerd6 

TrJ to prevent occurrenH of aeG1denta 

U acoidclt de>•• oocur, ll1n1m1.•., the dolare thereof 
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tta. lrn•o D1Ne'1w 

OJ m.1'7 ·ln re.-.• to PUno:ro• m4 S.v•ao 41.aa1teN. 

tom. th• baala et World Bak pl•ltnea. Dl• 1*lk baa pool•• 

the re•ov.roe• &Yailabl• 1n au-ope and u.s. to pro4uce the oomp­

rehena1 •• •na>al. ~oh incorporate• me gW.ael 1n•& .. one or th• 

append.lo•"· To a1mpl1.t7 th• n•H•ea?'1 calculation WQrk. a 

London-baaed eomul tanc7 t'lm haa ~evelop6d a oomputar program 

tor prooeaa; plant hazard analJ81•. Soi» o: the 1..!t1p<n·taLt fee.t­

un• ot the guidelines are (.32): 

Kinimiae 5tor&6• of the ha&ardoua Jl.&teriala, e.g •• 1n ca•• 
.~ th6 •eulprit' MIC (!hopal), aaxil!RJl;l at10unt 1• !.;. ~. 

Pooua attention on plant de21gn to •1n2•1ae the hasarcla. 

iapbaai• on training and aui.leJ"Yiaion a•pecta. · 

Ooat or reduoine h11aal"d8 1• le•~ than 1.5% or pl"Oject 002t. 

Benk encouraEr.e• C°b1 prorl.ding the neoesa&rJ t'Unds) tor up-

grading •a.fety s,-stems 1n •xlst1.ng plants. 

On- and off- s.1 tE emergency plans !::1 ca ae or an a~cid~mt. 

Safet7 ~O!leE !lr<>U!; c.i na:ta:rdo\.:.S !.ns ta1la tion.s. • 

Coordinate 8!1'?~::-re~1c; .r:::.nr.! wi. th ttie J'elevant local bodies. 

'lhe gu.idel~es ~~ 9.l:-ee~y be~n~ used: 

to eval~u ti".;.c ac!e~uac~· and e:r:·ect:.v~.1.es:: of t.:.e !11ees\4.r-os 

tc our. tr::>l r.ic... jor r.1.a za "!" c ace i oer. t.:. a!!' ttc tillb peo_p:i..<; er.c t.he 

8!".1V!.!'0fJl~6nt cUtE>idL t.·.t· pl&:.t oo·t.ll~_:ld"J• 

A!tl:"UJ'.J.f'!. ::-~--:-!"r""d ::·rir.""1"'11-y -ror <>;·;raiaal d ;,.orlc bank an<' IPC 

prcjectF, t..,.1e te~r.r-~.i.que:! :?:'"le' ~.lldelines p1•eae11.tecl 1L trie m&.."'lua"i 

are expect.d tc.. have lo'! de 2·· ;1lice tiona in the en tire chaioal 

1ncm..t:ry - apecially auch operations •• are oonaidered hazardoua. 

'!'he :manual and guideline=: S:.1ould go a long vay in prevent.inc 

and/or in I41nhl~!!ng t.'"J.t; e.!"fec t of " ~!so.at•r1 b\i.t 1 ta real 

implementation 1 a Toluntnry a1noe th• worlc! Benk haa rather 
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1111lw• mro .... , P..,.. atte• •• •l•t u. -.. ..nt _. 
•deC Oftl"e IU.t lt 11111 h la .. la'--t of ... boat ....... 

mat a4 th• plat ~r to t.llov th• pl .. llnta. 

DIDO HlYB A !ITAL IDm 

Having aet the acene with JllOlAL .n4 Uaeu.aa!ng hair lt eolll• 

haT• been prnentecl (oh• 2-S> ..... oonob* with .. Nl• or 
111DO 1Jl thi• -regart. Ral'1ng done 79C1Ben aerric• tlo th• MUM 

et cleYeloJEient 1n the D>.ir4 Vorl4• 11iIDO can and JllU8t plq a 

Yi.-al. role in preYention ot JEOPAL tJpe diaaateN. In epec1t1o 

MJlll.a• UJrlDO •a role can be 9J)elle4 out l:.nde!'" tour areaa: 

!ECHlJOLOGY: TVo areas concern p£rt!.n£nt poll~ i.Bsues: 

.,.,i-oprl.at• or impoverished !!. adv£ced or modem technolo1:7 

• Bow ean t•abnology be tranatel"Nd.. reallyT 

&ppropr1ate/1nte:naed1ate technology ie usually reOOllimended by 

th• •expert.• but th1e is seen as cr...sur!ne t~at the developing 

ecnmtriea w111 never develop. Fer thei~ ~eEl d~velo~·ment, advanc­

•d/moO..rn technology is essen~al - a5 h~~ beer- :;>!'C\..,..,d by Japan. 

~a is on the be.siE 'tt'~e~ anount of gocck. r ~ucaC. 1£ ~ar !lt:>re 

1Jlportant than the mimber or jobf: er.ated (page 25}. 

''fechnclogy cmnot be t~-u:ferred throut--:r. doeun:.entttion alone 

1
(page J5). The real 1 tri.c1-.f:' cte. OJ~y 'i:..:o l6ernt by getting handa 

RliDUUTI1'G o·· POLICI!iG? Ir. c1e.1liq:- v.1 th haz::.rdo~ 00•rat1on&, 

i-e£U].at1ong are really ineffective {~age 19) due to a combination 

of 1gnoranoe and <U ~fieul t,. of ent'orocent. COOJPany knowa moat 

about t.he r1aka 1~1 ved rid there 1s a strong oaae to'P ••lt­

pol1a1ng. Non-r.:.P\ll.a tory ?4M&urea appear to be 1"ar more prom1•1~ 

(J>age 42) an~ de•el"'Ya J:10J'"4' ~~ and attention. Ul.U..t• miner 

~ -

' 
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~ ..U. U.. la ..U pelldq a4 •'11 is lepalaU.. aptut 

... ·~rite.' 

90"PAU0!1 ._ ... wrtr bu 1tMD ._. at all lewla ror 
t:taunoau. et buai-da a4 1'or preYantion an4 ~ or 
Gauten 1n the «bem•oal lDdutl'J. Alao. ma•l"Oua apnal•• ue 

lDYel.-. 1Jl W.. •111aa1on. • ~' ia lMkJ.n& la a ooor41a tlon. 

el a. -.n 'bf th• 'ftPioua apnaiea md alao collation or tlte 

Naulta obtaim4 ~ Naearoh•N ad teohnolog11ta all oTer the 

•rl._ She lllorl4 Bak hav• takmi the lnltlat1Ye 1n thia regard 

(pap .SJ)• but tihen aN pp• 1n two important area.a fpage 12.10 )I 

Risk a.aa ..... nt haa a purely Weat.U"ll t'ocua 

• !ha aci•DM an4 part1oularly pr.ct1oe uect. aillpllr.1oat1on 

liar ln•\rQotiona at the wrkeN 1•vel maa t be 1n plaill ;dld sbrpl• 

1-.-S• and bee or 1ieolmioal J&l'llDn. 

TRADIIG: To b9 l"Nl.lJ" et.fect1Y•• tra.1ning baa to be at tale looal 

plmt leYel. Bllt the trainers thema~lYes need to be trained in 

the ac1enoe anc! art or prev~tlon an<i msiag••mt or diaa sters. 

At pi-eaent t.her. is no proper f'-0rum tor thia. There 1• alao 

dearth or good ~ material - both tor the tl'd.nera u veil 

aa ~or the train.ea. 

'!be tzoa1n1nt. tor tile tra.1.nei-e ahould be both at regional ae vell 

a• global lnela - vi t.h a di:fter-t thrust. At global level. the 

trajning vill h&Te JION techn1.oal :material. wbe:z-eaa at ngional 

l•Y•l th• •111>ha•i• will be more on ••nh•1cal •tbo4a. Suitable 
hl 

ourJ"ieul.a will baY• to prepu-ed, aa alao the Mal ••IU'J training 

" aatel"ial. In a4dltion, there 1• nMd tor th• 11&11&geaent. to 

un4erp Nb-eaba/tr•tn1nc ••••iona. 2be 0G11t1Dta tor a 'J'pioal 

oiw-day a•1nar tor thi• purpo•• are aho11a1 1n an Appentix (pap 60 ). 
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~PIMl,PAL TRAGEDY - IT BAS VAI.UABLE LESSONS! 

A ONF.-DAY ~E~!NAR 

SYt~OPSIS: 

Th(l world had !'1t0\:t•r hear(: c'f Ehopal, '": tc·..-.·:-· i~ .. Cer:t:-.:=tl lr:(::d "':i!!-: 
a pcpulation of some Ci00,000, ur~ti l t'-.l' ::err.::.~ o: 1 I~£ C(::: !'t·r 
1984. 'l'he wor.st-c\·,::r ir:dt;strial cisa~tc! t~•~t reac:.~_.c: t!":l­
headlines that rr:orning ~.;as causC'c by thP l··ai<::H_:f' of thi::· ci~-~f"!ly 
ga5 methyl iSOC)·ar,at~"', US€C in the :n,1r1:.:!'°uC"."" ~:- ,;: ;1":.·Stic.!c:;c.s. -:-:-:E· 
result: over 3,0CO <le~d a~~ soreP i~n.rnr _ :L ~~~~ nP~~2n~~~ 
d i s ab i 1 i t i e s. A :::1 a j or c i s a~ t er. 

Hew did it happen? 
du~ to rr:.:·ch.:!nic;1: 
have been pre~entc~: 

Th.:.· s e a re a l l \' i ~ .~ l ':t -... < · s t i c; i. s , c; r . .::: 
!essans, it only~~ ~ill ~oth liste~ 

i·: •. . .­- - . 

.-

i·. '.: ·· \·." .·: _c· .-. • f ."1 ~; ; t ...._ 

._: : -. .; \-.. 
1 P.::. rn. 

' - :. -
~ - ·.; ...:. 

-- --. -- -· - .. · ... ·.: 

•: ~ '. • \ ; : r : 

r·t- • · :-: ; ·r . i ; ! • · :. 
f!.• 1 '.·.:.~:: -~; .:', l~1JW t(: !:-·i1r11? r·.;r1 J>r<:=i,·c.·t i1i!.,t;.;t!·r~; 

;, ... 1 • c. 
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