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IMTREOTRINMT A

Following the Unitad 'ations Conlerence on ‘he uman Fnvircnment,
held at Stockre’m in 1972, the Unitedi Yations sutablishel ithe Unitel
Nations Environmentzl Prosramre (IMEP). The 'mited Nationm Indusirial
Developmeni (rgarization (17700} and UMEP are now collaborsting or a
programme concerried with the effects of indusiry on the cnvirormmant

in develoning couniries,

This report is one cf a meries of case siudies being cerri ad
out under this prosramms, Others in the zeries deal with the
cheamical industry in Turtkey, the textile indvsiry in Thailend, the
cement industry in Tran and. an intagrated iron and steel mill
in Prasil.

T™is report ins based on the findings of a teanm of ihree experts
that visited 14 chemical piante in Tndia in June 1974, A factory
at Bombay could not de visited bacruse of the heavy monsoon
rainfall. One factory near Calcutia alro had to be drouopad froa
the srograme.

"After visiting the factories, the team npent several days in
Bow Drlhi discusaing the results of itr mission with the Secretary
Osnera) of the Yinistry of Science and Technolegy, the Mrector
Osmeral of the Council of Scientific and Industirial Reeearch, the
Direotor Osmeral of the Publie Health Service, the 'Arector of the
Maistry of Industrial levelopment, and the Secretary of the Acedenmy
of Mvironvental Science,

An official of the Ministry of Sciemce and Techmology ancompenied
the tean during the visits to factories at New DJelhi, Naspur and
Sowday. A official of the "inistry of Iadustirial Tevelorment
acconpenied the team during the visits te planis at Yev IolM
and Caleutia, .
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Dndia, vith a pepulatien of abewt 580 sillien, representing
one sizth of the werld‘'s tetal, 4o the socsnd mest populouws and
the seventh largest cowmntry in the werld, with an ares of ).}
adllics kni. The pepulatica grewth turing the peried 1961-1971
was 2.2 por oemt per yoeor. At the present rete, the pepulation
uwumuum 31 yoare. In sboolute nusbers, the
increese is adeut 12 millien & year. Nie over-population conses

mmu-.-llcp”orm’aphunhlum
ainiown standard of consumpiion.

During the poried of the Fourth Pive-Tear Plan (1968-1973 ),
Chm-dnuotoo.dom-usnout.n
agaiast & target of 5.6 por oemt. Dering this peried, 17.4 por oemt
of tetal pudlic and privete investamt weat to the agrioulturel
sester and 2.4 per oent to the intwtry and minersle serter.
21111, the Indian cconcuy renains prodoninantly agrisulturel, with
ebout half of the cowntiry'e natiemal ineeme toriving fren
agricultural and ellied estivities that abeerd neerly theee fourthe
of its work foree.

s 1972/13, ‘he net astienal predust ves B 303,730 sillien,
uﬂhsmmmmt.ﬁ produst of M 684.9. e agrioulturel
socter comtriduted 41.4 por cemt to hie net notional preduet, vherees
the nmmufasturing, censtrustiien and oleptrieity, s and veter
sepply secters toguider cemtributed 2).8 por cemt.

Daring the peried 1968-197), £ ever-all growih of the induetry
and nineral sesters ves belew the of the Pourth Five-Yeor
Plen of 8-10 por oont. In 1969-70, the industiriai preduciion grovih
rete doolined frem 6.8 to 3.7:por omt ia 1970/71, ineveased to 4.3
por ot in the peried mw’huumsnmﬁmm
seriod 1972/73. Testors dat hove comtrituted 1o aa wsetisfastery
growth rate vere eperetional prodiens cansed by lesk of mintenance
or Gosign deficiencics, videspreet shortage of pever and 1he
shortage of steel -}wm setale.
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The rhemical industry

The chemical industry is closely linred with mosi of the otier
segments of the larze and medium-ecale jnlustries in the broad
fndustrial spectrum of the count=y, ¢ the major ipdustries of
Tndim, the chamica’ ir'witry ram=s Jewrth {after the iror and

steel, engzinecriny and texiile indusiries’t,

™aping the 155Cs, the chenical indusi.y recorded the higshesi
growth rates. Irvestment rose from a total of F3 2,040 million in
1961 to Rs 22,000 million in 197N, "he fastesi mrowinz sectors
today ars petrochemicale, piastics, svnthetic fihres, prarmacauticals
and fertilizers. The subatantial erpansion of the fertilizer,
chemical and petroleum industries during the Fifth Five-"ear Flar
period (1374=1375" urderlines the importaice of rapidls developins

the capabilities for the manufactiure or chemizal plant em:inment

[ /
and machinery. A total camscity of 45,000 tons = per annum fer

such heavy equirment is expected to be achieved “v 1373,

The growth planned for the chemical producta in the first two
yoars of the Pifth Five-Year Plun pericd i3 listed below.

1071
—————

Caustic soda (thousand tons) 280
Soda ash {thousand tons) 500
Sulphuric acid (thouzand tons) 1,400
Yethanol (thoussnd toms) 25
Synthetic detergents (thoussnd toms) 8.3

Nylen filament and staple fidre 6.2
(thousand tons) y

Rylom tire cord and other industrial 2.4
goar (thousand tons) *

Trugs and pharmeceuticals (% millien)

Industrial zas-oxygen (nilliom cudie 6
metres)

Y/ Mference o tens throughout this otudy is te metric tons,




Fertilizers

Indian fertilizer projects irclude those introducing newer

technologies for fertilizer application, those making effective
use of indigenous raw materiale nnd those concerned with hiche
pressure gasification of coal Lo preduce methane rich gas for
fertilizer preauction. Tive new public-sector fortilizer orejects
will be implemented, three of which will be located inland end two
on the coast. Turirs ihe first years of the rifth Five=Year FPlan
period a capacity of 4.1 million tons of mitrogen and 1.2 million
tons P205 is planned,

The general productive efficiency of tre operating vnite in
India has been consistenily below the acoantedi norms, For exannla,
in 1970/71, the capacity utilization was only 63 per cent for the
nitrogen fertilizers and sbont 54 per cent for the phosphates, This
uwnderutiliration of instalieu capaciiy has been due t6 power
shortage and thus unstab.e power supply, insdequate supply and poor
quality of raw materials, design ard technicul limitations and
problems in labour and maintenance.

mtgoidu

Bven though fertilisers snd pesticides sre cosplementiary
iaputs in India, the use of pesticides per wmit of area has not
Rept pace with the increascd use of fartilisers. The average per
hectare consumpiion of pesticid:s in India is only 160 £ e8 against
1,000=10,000 g in the developed couniries, For the Mfi: FiveeT{ear
Plan period the following produciion is sxpecteds

Thousani *ona
12!4
Pesticides (basic chemicals) 3o 70

me 18 o)

30T (sairly used fer ersdication 3.8 s
of malaria) *
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The Pesticides Association of India hne esiimated tral without
any further impurt suhstitution, and at the ~urrent jeved of
technolorical excertine in this f‘i’eld, the valne of imporis

would amount to 38 (20 million.

Fesides tha poll:tion cansed by the production of pesticidor,
the main gource of eavironmental polluticn b pesticiden is the
tranafer through the 30il to other land areas and water cources,
The solutiun to the problems of esvironmental polluticn and the
disturbance of ihe ratural Balance liee in mradually verniacing
production of the persisient tvpes of pasticides wiih gafler
producis, which are biodegradatie end which 12ave no

resjiual toxieciiy.

legiclation to ensure the propar use of peaticides alre-dy
exisis under varicut provisions of the Insecticides Ant of 1371,
Wut the machinery for enforcing it neads to be coneiderably tirhtenod,

-~

¥eszures ccnecerned with nollution

Research

¥onitorirg of pollutants hes begin in a very small w-r in
India. Tor example, the zonal laturatory of the Yaticnaa
Prvironmental Fngineering R-search Institute {NEERI) at Marpur
pegularly monitors air pollution levels in the {ndustrial areas
of Membay. "his insiitute was commiseioned ty the Calcutta
Netropolitan Development Authority to make a survey of the extent
of air pollution in the Calcuttia area. The aim cf tha survey,

which is now being carried out, is to identify major emissior

points and to recommend steps to be taken Tor the eontreol of air
pellution. VYonitoring stations have already been estabdblished for
eo)lection of air samples. The total project will soet Ra 140,200,

YEERI was also commissioned by the same Authority te
oake o study of vater pollution, The aim of this study wes %o
088080 the quality of water in the Fooghly estuary within the
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Calcutta Metropolitan [istrict throuzh a base-line surveys to
locate the major sources of pollution from domestic, commercial
and industrial sourcer; and to reconrend ptepa for control of
pollution so that the qaniity of the river water would remain at

the desired stanizrd, 7The total projact will ccst fle 275,000

Industrial 1jenning

Up to now, the older industiries have not been forced by law
%0 install arti-pollutioa egquipment. There is little incentive
to act, since the pavback pericd either is toc long or does not
exist., WHeowever, ne4 indusiries are being forced by the Covernment
to install anti-pollution equipment. In Cctoter 1972, the Jovernment
introduced a reculation stipulating that a licence will te iseued

only when stens to control eir, water and soil pollution by the

industry to be established zve saticfactory. However, the

Qovernment gives no oralits either to old or to new industiries
for installing special pollution-abatement facilities except when
the industry chooses as its location one of 227 backward areasj them

the Covernment will give a subsidy.

Industria) estaieos

Several industrial estates, in which a variety of indusiries,
mostly small industries, are clustered, have been established
throughout India. By 1372, cver 10,CC0 Indian induatries preducing
goods worth Rs 1,970 million per year and providing employment for
over 100,000 workers hai been sel up on theze estates.

As of 1974, the Indian Coverrment had developed 567 estates,
Uotil now the best resultis havs not een odlained owinz to inadeq:ate
planning. The ideal industrial estate would use the waste preducts
of one factory as rew materisl for another. The differert residual
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pellutants would te ireatel tv a centralized effluent ireatment
sysiém, The two key environmental étens im planning en ‘

fndustrial estate are:

(») Plen-ing a corbination of industries to marimine

waste reutilizationy

(b) Properly desigring treatment facilities for the mix
of effiuent® from the industriesc of the compler.

lasiwlaiion

The Indian Parlisment vmamsed a law cn waiaer pollntion in 1974,
An "water” ie a subject reserved toc the States, thiu federal law
is not mutomatically valid in tha 3tates, The Staten cam ei+her
sccept the fedaral law, make their own laws or do nolthing. The
federal law is automatically valid enly in eorme federal districis
such as Delhi City and foa., Mozt of the "Delhi" indusiries,
however, are not situated in the feleral district snd thus the
la does not apply to them.

T™e law envieares the setting up of central and =tate boards

of water pollution to execute the telloving funotions:

(a) To advise the Federal Oovernment and the state governmenis
on any matter concerninz the prevention and eontrol! of wolluticny

(») To provide tochnical ansistance and guidance to the
state doardes

(¢) To carry out and sponsor research relating io prodlems
of water p&ilution;

(4) T plan and orsanize the training of persons engssed in
oF 19 Yo engaged in prorremmes for the preveation, ecntrol eor
shatenent of water pollutiong

(¢) ™ collect, cempile and pudlish tecknical ard statistical
data relating to water pellution and measures devised for ite
offective prevention and controly
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(f) To lay down and modiiy, in comsultstion with the stale
governments concerned, ths standards for a stream or well with
regard to the guality of water, flow characteristics of the

etream or well and the nature of use cf ire waerterg

(g) To orranize throush mass me:lia & compreheraive programte

fegarding the prevention s~d control of water nollutieny

(n) To plan and causs to be evecuted i nution-wide prosramme

for the prevention, control or abatemont of weter polluticn.

Up to now, the rederal aci has teen accerted onlv by the “iate
of Mujarat, and thus its validiiy is timited. Tt ie hoped that the
remaining States will follow ths example of Muj-rat, #irce

environmental problems do not stop at alate hordera,

The law includesm remilutions for licensing new inductries.
Strict measures can, therefore, be ~nnlied to new enterprizes,

provided that the law is accepled by the sta‘e movernments.

The slate nf Vaharashira peesed the Mstharashtra Preventicn of
Water Pollution Act, 1947, which resulates the situation inm that

Stato‘only. Since Bomtay and Vaspur are jin the State of.
Maharashtra, the Ant is valia in theze cities. Thie Act makes it
possible to estadlieh new industriez in the State uaing
technologies that cause little pollution.

In Veet Beneal (Calcutta) and in 'ttar Pradesh (where part of
the "New Delhi® indusiry is siivnied), mo anti-polintion ‘egielatien
sxiste at present, A bill on :ir pollilion {s now bein- dtecumsed

in the Pederal Parliament., It is ex:~cied to Le passed :vorily.

The National Comnittee on Invironmental Plenrinz axvi
Os-ordination and the NYatieral Commi<tee on Science end Techrolorr
play aa important role in sellution atatement, They are
pesponsible for making rccommendaticns on the institutioenal,
legislative and technological changes neaded t¢ preserve ike
quality of the envirenment,
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15, CASE STUDIES = BOMBAY AREA

Vohan Yeakin “reweries limjited

Yohan Nager, Chaziabad, Utiar Pradesh

Poundeé in 1855 at New Delki, Mohan Meaxir Breweries, & privately
owned Indian industry, operates several factories in different paris
of India. The Chasiadad factory produces besr and malt) aloohelic
deveraces (whisky, gin, rum)) cereals (corn flakes, oatmeal)s fruit
Juices and canned fruitsj and glass tottles,

Parsennel total 4,500, of which 75 are women, The minimum age
18 18, the average being 30. Yomthly salaries range from Rs 100-400
for waskilled workers to Rs 600-700 for skilled workers.

In 1969, the unit producing fruis juice moved from New Delhi
%o a povw site at Charianrad, It was follewed by a brewery in 1042,
s diotillery and cereal wmit in 1954 ard & glass facicry in 1965,
Brewery produciion is 150,000 hl/a. ¥alt is preducei at a daily
rate of 15 toas; o second unit (25 ¢/d) is wnder constructicn.

After preparing the wert, solide are separated by conirifuges
and are seld as cattls feed; the liquid goes for fermentatiem. The
yeast is separated, dried sad seld for pharsaceutical purposes.
Boor is stered for three weeks, then detiled and pasteurised. At
present, all the deer is bettled, but plans exist te preduce
draft beor. Ten per oont of the Vettles are returned. dashing
vateor from botile sleaning, sainly Rall, {s diluted and, 1 eeid
offlvents are availabdle, is partly newtralised,

One néllien )itres of vater is used for eleaning 100,000-130,0C0
Jitres of deor, vhieh 4o diluted with eooling water %0 113 o 110,
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POD value of brewerv discharrses is deterrine: twire a year and
amounts to 300=400 ppm. 00N value has rever neen determined,

The effluents contain 200 ppm of seitable solide,

The layout of the brewery (built in 1275 .s not very mudern,
but the brewery is we'l maintainad ani clean., The distillery
coneists of a feruentation houue with saveral fermentation units;

the carton diocxide evolved im removei and evainmted., There are

~

two stills producinz 5,000 3/d (24 %) and 5,200 1/4 of alcohol.

Miascharcas
LMLl Al

Apparcntlyr ilere io ro tieeatment of liquid eifiuent frim 134
separate units, The team was tcld that discharzes of the faciory,
mixed with mewa:se from the faciory, &2 trancpertied to the fialds
owned by the company psrtly throuzh an undergrourd sewer and
partly through an open canal. On tha way to the fields, part of
the effluants is lischarped into the Uindan Aver and into the
Hindan Canal. Ii was stated that there were no complaints, The
fields cover about 100 acres (120 ha), The main crop is wheat,
The factory claimed that irrieation by waste water aided
sgricultural output (a very doubtful statemsnt}. The tesn was mot
able to vieit the discharze outlet of the sewer, the settling
device at the outlet or the fields, owing to the distance (3=4 m},
and it was claimed that no direct route to the area existed,

In 1974, the company asred NFR?T at Nagpur to maze a study of
discharge problems, as the members of t)e mission learr 1 during
their vitit to lNagpur. NEY?T propoesi severz:l treaimer . scheres
varying in cost betwean 35 620,000 axd 78 1,115,C20 (Jure 19720,
The proposed treaiment schemes included the fellewings
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Pratreat=ent of distillery warte either in (s) araerobic

lagoon or (b) dipesior. Subsequent treatment of the
effluent together with other waste in aerobic laroons

and oxidation ponads,

Drpected disoharpes 20D « 30-40 me/1 into public water
fnvestmen's (a) 2» 762,004 exploitstion costs, fs £2,000/a

(v) Re 1,062; exploitation ccets, fs 97,170

Treatment of disiillery waste in anaaroboic lagoors,

effluont mixed with urher wastes to oxidalion ponds,

Decharges TOD = 80 mg/l, to bs used for irrigation

Invesiments RBs 620,00C; expleitation cozis, i 25,000/a

Neither of ithese propossls was carried cui tecause the costs
were conaidered too highy when the tcem visited the factory,

senbers were not able to discuss ihese propoeals.

Apart from boiler houce discharges and carbon dioxide prroduced
fron fermentation, no gaseous effluents have been reported. The
stack gases of the boiler house are not measured., No bad health
offects inside or outsids the factory have becn reported,

lavour

The plant employs 4,000 workers, FHouses have becn built in
the neighbourtood for only some of them. ‘The monthly wages paid
vary from Rs 300 as & minimum Wage <0 R 600 for more skilled
labour. Unskilled workers do not receive training. On sveragse,
six sccidents take place par year, Fxpressed in worxing hours, 8
loss of 10 yer cent occurs owing to {l1lness, which, expressed in
costs, means R 50,000 per month.

m;tmg
The factory is not badly saintained. In the maintenance
section 50 persons are employed,
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laroratory

The factory has a small laboratory with a l1sbour force

of 20 persons.

Recommendations

A treatmant of ljquid zffluento as reconnended by NZER!I has
to be seriourly consicered. At present, these wantes can neither
be recycled nor processed into valuable products, The hasards 0
public health ti:at now exiat are not sufficient to justify the

coris of setting up s treatment plant,

Modipon Limited lvlon Factory

Modinagar, Uttar Pradesh

Modipon Limited, which is part of the privately owned Modi
Pnterprises Group, comprises 24 industries, of which 21 are
located at Modinagar, some 20 miles morthwest of New Delhi.
Textiles, edidle fats, sugar, coap, stesl, paints are among these
industries. Personnel at the Modinagar factories total 22,000,
most of whom livs in factory-owned houses in the village. The
mission members had the oppcrtunity to visit this area.

The team visitod only the nylon fectory, which hes a good
layout and wherc only a very emell voiume of effluents is
discharged. However, the other Mcdi factories have m-re polluting
effluents, which can be cbserved in the contral efflusnt cansl,
wvhioch discharges into the Hindan River.

The plant, which produces nylon-6 textile yern, was tuilt
by Lurgi A.G. The capital costis were 3s 220 million., The plant
came on stream in 1968, Production capacity is 3,800 t/a of
nylon-6 from sbout 3,450 t of caprolactan as & rew materiai. The

caprolactam is purchased from an Indian producer,
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The plant itself is mcdern and very spacious. The cpinning
rooms Are air-conditioned and can te entered ornly through sluice
systems. The plant is kept very ¢lean and well raintained,
including the dyeing sections. o tai health affects have

been reported.

At pre.ent, the production of nvlon=6 i3 fixed st 2,000 t/a
owing to production restrictions impesed by the Oovarnmehlb.
About 15 per cent of the nylor=6 protuced .s dyed in aboul *C
colours. The dyestuffs usei are acid direct éyestuffs, e
effluenis from tha dyzing depertment amount o %,C00 imp gal
(23,000 1/d). From what +he team couid seec, these effluunts are
not coloured, It vas stated that BCD and CCD were low., These
data were determined only once on the request of tha fovernment.

The boiler houaa produces 20,000 1b/n {9,000 kg/h) of stear
of 150 1b/1n2; coal was used as fucl. No data were available on
the 302 content and particulates.

A small production unit preducing 200-250 t/a of a terylene
type of polyester textile fibres has alsu been installed. The
possibility of producing tire cords in the future is under
oonsideration.

Nestes
About 10 per cent of nylon production is waste, which is
peprocessed into caprolactam and recycledj thus pollution is

sinirized, This recovery sysism was added about a year 830.
Maste terylene amounts to about 15 per cent. Although the
teohnology to reproovss and recycle these wastes is kncwn, they
are mevertheless not recycled; the small amounts available do not
pake it economioally worth while. Terylens wastes are sold,

Jakour

In the nylon plant there are 650 workers with a supporting
staff of 360 persons. The laboratory has s staff of 50, low-rent
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housing is provided for somes of the staffy eleciricity is free.
The minimum wage is Bs 350 per moenth, (ut of this wage, the
worker has to pay ! per cent for insurancs, whereas the company

contributes 5 per cent,

Modi factories devoia a great deal of attention to the
training of iheir personnei, boih at high and low levels, The

mataff at s higher level is sent avroad for trainirg.

Conclusions

™o Modipen nylon factory can te considered a minimnm-polinting
industry. No reccmucndaticns ae to adding or chanxing the

equipment to ¢iminish pollution are required, lowever, from what -

discharzes liquid wastes, anda a thorough investigation of these

ki -

can be observed, the ¥>di complex at Modinagar as & whole

discharges is sugmested,

Modi Industries Group presents a good example of the
benericial impact of industrialization. Within four decades Yodi
developed a small village in a poor rural area into a prosperovs ;
little town, with a hezlth centre and facilities for oultural “'"
activitios, '

DCOM Chemical Works Limited

Najafgarh, Utiar Predesh

DCM is made up of a large groun of indusiries - ‘extilng,
sugar, food products, distilleries among others - loocated in sll
parts of India. These indusiries together employ 40,000 workera,

The factory at Najafgarh consistis of & chlor-alkali
electrolysis plant, & bdleaching powder planz, sulphuric a-id anrd
Wydrochloric acid units, a single superphosprate plant with
faoilities for granular superphosphates and NPK foertilizers and & 5
fat-hardening piant. This Tactory employs 1,080 labourers, 280 ' g,
supervisoras and iachnicai aseisiunis and 2CO sdninistrative woerkers,
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The New Dellii Chambter of Commerce requected DCM Chemical
¥orks to investigate pollution by industry in the northarn
states. In February 1974 the company sent out a questionnaire
10 about 200 'industries; to date cnly 30 answers nave been
received. A final report im to be submitted tc the Coverrment,

The team vinited TCX's clectrolysis plant, sulphuric acid
unite and fertiiicer »lant,

Chlorine gnd caustic soda plant

The chlor-alkali plant was designed ¢n 1948 by West Vaco Co.,
United States of America. 1t usss disphragm cells instesd of
mercury cells to avoid the pollution that is often amsociated
with the use of mercury celle, The original cells were leter
modified and a beiter diaphragm construction, coneisting of two
Jayers of asbestos ehects, was introduced, The cell-house
oontains 1,710 cells. Voltags is 3.5-3.7V. Capacity is (¢/d)s
caustio soda, 60; chlorine, 52-54; and hydrogen, 1.5.

Part of the hydrogen is used to produce hydrochleric acid
(8,000 t/a of 30 per cent), the balence is uced for fat hardening.
Sodium hydroxide leaves the oell as a brine containing 8 per cent
BaON end 16 per cent NaCl. It is concenirated to 50 per cent of
¥aON. The excess of sodium chloride crystallizes and {s recycled.
The caustic ie eold as 50 per cent solution.

Chlorine is used for the production of 12,000-13,000 t/a of
Sleaching povder (active ohlorine content 35 per cent), and 5,50C
t/a of chlorine is sold to nearby Hindustan Insecticides, The
Yelance is liquified and sold, Sniff gas from the liguefsction
wnit goes to the hydrochloride plant.

There are sowme losses, said 10 be small, in the producticn

proocess, particularly in drying end ocooling, which are emitted
from & 30 stack, The exact amount is mot analysed frequently.

L:%?S&wﬁ.;.-. L i
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DOM standard criscion is 77 ppm.  As raw material, 134,000 t/a of
sea salt and occasicnally salt from an Indias lake in used.,
Impurities are calcium suluhate, mameaiun sulpghate and
argillaceous matter. Sulphate is removed as calcium sulphate,
No bariun salts are used. rxcess calcium and magnesium are .
precipitated, recpectively, as calciur carbonase and mamecism
hydroxide or oxide using soda ach and caustic ruda. 4 Dorr
clarifier (installed in 1957) and rilters cre vaed to preduce a
clear brine. Sclids trom ithe clarifier are sun-dried and
disposad of in & landfill. ‘ihe filters are cieusned once a day
by backvwashing. Vashing water, coniaining atoat 2 grams of

solids per litre, is disposcd of in the main sewver,

Electricitv consumption is 3,600 kWh/t of cauvstic soda.

A now diaphragn ceil of TCM's cwn design is undsr development

in a pilot plant. It is & modern type of cell with a diaphragm of

asbestos fibres fitted between wire gauze. Experi.enis with it

have teen successful,

Since the factory began operations in 1949, no incidenis of

chlorine poironing have occurred,

Chlorine cylinders are filled on ncales. Neither an alarm
system nor an automatic shut-—off valve is used to prevent over—
£i11ing. Everything depends on the vigilance of the worker,
About 5-10 per cent of the cyiinders, taken at random, are
controlled. In view of the dz zer of overfilling cylinders with

liquid gas, the control is inasdequate.

Hydrochloric a~id plant

The reaction teiween hyirogsn and chlorine takes plece in a
brick-lined mild steel vessel, the lining of which has to be
reneved every twc years. The gZasecus discharges may contain a
smal]l excess of 012 and vome nonabsorved HCl.

i
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A reactor wae destroyed scme years ago by an explosion, and
since then the acid-resistins, brick-lined rexzcior has bean used.

Production is 8,000 t/a of 31 per cent HCl,

Sulphuric acid produvction .

There are iwo mulnhuric acid unite, cne of which prodvces
120 t/d and the other 155 t/d. 1In both units euiphur is used a=
s raw material, The 120 t/d unit was built in 1559, the 155 t.1
unit in 19.7. The first unit was decigned by a firm in the Federal
Republic of Germuny, but has been frequently altered, ‘he second
unit was built by DOM, Toth are of ‘he mingle-contact/einzle-
absorption type. Investiment costs of both planis were about
®s 8 million. -

There are facilitias for producing 20 per cent, 65 per cent and g
98 per cent concentrations of !!2804. Some of the sulphuric acid is :
sold to the neighbouring Finduntan Insecticides for the production
of DDT., The used acid, which is regencraled at the Hindustsn
Insecticides plant, is sold back as dilute acid and used in the
production of zingle supsrrhosphate.

The two planis are run on threc shifts of three mer each. 1In
Yoth plants the sulphur conversion is 98 per cent and the
absorption efficiency 99.95 per cent. ’.502 in gacecus discharges
18 0.1=0,18 per cent by voiumej stacks are 4O m and 34 m high.
Steam production is 1.25 of 225 1b/in° (15 atm) steam per ton of
acid produced. ;

Ertiliur factory

The fertiliser factory, built in 1957, produces mainly
powdered single superphosphate. Invesiment costs were s 6 millior,
In 1570/71, a granulating plant was added at a cost of A 2 million.

The superphosphate factory comprises two 55 t/h Zaymond-iyoe !
aills made in India and one Predley mill of 7 t/h capacity. As

ke
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phosphate rock, Jordsa rock {(32-33 per cent FEO_.)) and Imdian rock
from Udaipur (437 per cent P?O‘)) are usred in a 3:1? ratio. The
Udaipur deposit is rather cmall gnd will be exhausted a®ter

15 years,

The mills have closed circuits for pnearatic classification
and for transporiation. Fxcess air is bled throush bag filters.,
Sulphuric asid atiack is performed in two continuous Frosadfield-ders
each with a 200 t/d capacity. OStorase spase is available for
7-20 days maturingz. Tre matured product contains 1H=19 per cent of
water solutle P?(\S. Total P205 content is 21 per cent,

Gaseous effiuents from the RBroadfield-dens are washed with
water, a 20 per cont solution of 1{281 Fé resulting., YNo information
about the flurrine content of the exit gases was rvailable, The
fluosilic acid is ncutralized with a solution of lime and ie
discharged into the sewer. This discharge containa about 2-2.5 t/d

of fluorina, -

Matcrial is transported by belis run at a low speed
{100 ft/min or 0.5 m/oec), which resulte in very small loads of
dust at dischoree points. This gain is, however, nullified by the
use of very primitive )and-crerated sieves, which causes large

clouds of dust.

The grarulating plant was noi operating when the team visited
i1t. Only about 25-30 per cent of the superphosphate produced is
granulated, and some 10 per cent of the super~hosnhate is usad to
produce mixed fertilizers. :ne plant contains & rotary drum
grarulator (length 40 ft, diamever 6 ft) and &n oil-fired rotasing
drum type.of drier (length 40 ft, i meter & 7t). M. inz air
ohtry temperature varies betiween ,z.oo° and 5C:|°C deperdiing on the
product, The exit air passes throurh a baz filtaer,

The dried preduct is cooled with & countercurrent atr strean in
a rotary drum {lenzth 20 ft, diameter 6 ft), 11,000 n’/b of air veing
used. The spent air paeses through a bag filter. The occoled
product is sieved; undersize and oversize particles are recysled,
Producticn rate ig 9=10 t/h, o )
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A study was made to repiace the ba~ filter, which frecuently
causes problems, with Venturi scrubbers and to use the resultirg
solutions as make-un water in the granulator. Plans exist to

construct this installatien soon,

Coat of nrodnuctiion

Table ¥ givee the breaxdown of the production coutls,

Table 1. Costse of production at TNOCM ‘hemical Works
at Najafsarh

(percentaire)
Ttem Chlorine and Sulvhuric Suner-
caustic soda acid phosphate
Raw materials 50 65 40 ;
¥
Ladour 4 2 2-3
Maintenance . 10 10 10 ;
Overheads, including P 2.8 5 *
training *
i Deprecisation 10 10 10
f Researnh v 0.5 P
, , -
! Yarketinz/administration & 5 10
' 4
Jabvour

In the complex at New Delhi, DCM employs 1,080 workers, of whom
110 are employed in the chlor-alkali plant. DCM does not provide
housing for its ladour force, The minimum nonythly vage is
B 350-%s 1,000 for skilled workers. Only the more hirhly skilled
workers are trained,

Concerning safety inside the factory, only two to three acciceanta
take place a year. Concerning the health situation in the factory, of
the total working hours, 10 per cent is lost owing to illness plus
leave, vhich amounis to 3=4 per cent of total labour costs.
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npound-level concentrations (2lc) were reasvred inside and
outeide ihe farters in October 4372, wird valooity, 6-8 km/hy

direction, wes:t to sast,

The results of the measurementis were:

Chlorine ¢lc 0.1 rom in the fastory
Hydrochloric acid gle 0.5 ppm in ihe “actory
502 0.32 prpm in the factory

0.28 ppm at 50N m to the esst

0.25 1.om at 1 km to the east
It is plasned to inztal) o continuoue monitoring systam,
Tiquid diccharges are mainly cocling water, flcor cleanirsg
water as well as effivenis from the fertilizer factory containirg
fluorine corpounds. AlY liguid wastea ara discharged into the

main sewers.

Fanazement stated that no damage hai been caused to the
surrounding areas and no complaints had “eer received. No bad

healih effectc within the factory had been reported.

Conclusions and recommerdations

DCM management and engineers are well aware of pellution preblems,
and efforts are being mads to abate them. Fowever, the faotory left
a rather untidy impreszion, e sulphuric acid fectory hat fauwlty
insulation. Tn the chlorine cell house, cell revairs wore carried

out and used material as well ar spera parts were scatiored CVErTNers,.

Much of the apparatus i3 badly in need of paint, 4ttiertion
shoul¢ be paid tn mainiaining clean working conditions, since spernt
and lost material can causs pollution, Processing of fluorine
offluents into valuable materials (AlCl3) should be oonzidered.
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Hihdunm Insecticides Timitled

Yew Delhi

) . Hindustan Invecticides Jimited iz a public—sentor enterprice,
After a visit to the factorv, the tecam met wiih the mamarserent end
workers ' represeniatives, several of whom axnressed the fear that
expensive measures taken to abate pollution micht adversely alfect
employment. Unemcloymen: had always Lesn a ereat vorry ih thre
area even bafore it became indus‘prislized., The workers!
representatives were, however, unaware of the nossible lorz-ierm
health hazards of poliutants and did not share the Sovernment's
ooncern ovar these harards,

| Mindustan Insecticides prcduces chloral and chlorobenzene,
from which products DIT is \made, with oleum used as a reactant,

Chloral is made from ethyl alcohel and chlorire, Chleorobenzane
§» made from dentene and chlorine, Chlorine and oleum are bouxht
frem the neardy M Chemicals. Spent oleum 8 regencrated as s
sulphuric acid, which is sold to DCM for use in fertiiizer -
production. Alcchol and benzene are purchiased on the Indian markes,

D e v

207 prodction

Production of DDT began in 1954, The 600 t/a installation wae
o gift from the nited Nations Children's Fund (UNICEF) as part of
e malaris-eradication prosramme, 1In 1958, plant capacity was
enlarged to 1,400 t'a,

Mindusten Tnsectioides set up a escond N7 plant at Alwave,

' Terala. This plant produses 1,400 t/a. In 1964/65, the output of
the Yew Telhi plant was doudled to 2,800 t./a, and the Alwaye plant
sdded & },000 t/a bensene hexachloride plant ‘o ite DT facilities,
T™e present invesiment of the company is P8 13,600 million, which
will e increased by M 97,900 nillion.

:
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In the New i»ihi factory, anart from U7 preducte, some
by-producis ars ranafuciured, twen as walizai-orade chloral
hydrate) bydrated culcium silicate, which iz used as an anti-
caking a-.nt in DT foermalationgs ard ethyl ~hloride

(anaestheric grade).

Cnlorebtenzens is made in a continuous process in three urits
with capacitien of 2, 2 and 4 t/d, Az a br-nroduct, hyircchloric
acid 30 per cent tesanical grade is proeduced =nd then solc, In
the reaction house, concentration of benrmene is 1.2 prm.
Rectification of the crude chlorincted tenzens is carried out in
an open-air univ. As a by-product, 24 tcnz of a mixturs of

ortho- and paradichloroharcene is oliained yearly.

Chloral 18 prusuced by chlerination of ethyl alcohel in glass-

lired equiprent. By-product Hl is absorbed in water and sold as

30 per cent tecrmical grode, he chloral alcohnlate thus obtained

is distilled with oleum to obtain or.re chioral, Production is

4 t/d, Spent olcum 18 recovered as sulphuric acid and is sold to
DCM. The alconol is lost. 'The quantity of alcohol removed may
be about 1.2 t/d.

DDT cernlensation from chloral and chlorobenzene is carried
out with oleum 20 per cant in a batch process. iild stesl
equipment is used, A batch contains 1,140 litres of oleun 20 per
oent, 2,000 litres of chlorobenzene and 80 1itres of chiorsl.
DDT yield is 1,740 kg. The spent oleunm is racovered as sulphurie
acid of about 75 per cent and is sold to the neighbourirg DN

for use in fertilizer produciion.

DDT is produces 2 & welt, which is wasked with L-° water,
The pure m=lt is s0lidified afler 2 steam distillation in wkich
excezs chlcrotenzene is recovered for reuse, These ocerations

produce 80,000 gal/d of acidic water that conzains traces of U7

aad chlorobenzene, <hLis efflient has a pH of less than 1.0 and

DT content of 10-40 me/l (see tadle 2). A filter systes consisting
of a fibreglass filter and an active carbon filter is used %o remove
the DDT. This system was recoimended By NEIXl.
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Table 2. Summary of the reculis of treatment of
' composite effluent

After cherical After chemical ani
Raw vaste treaiment biolosical treairment
pH Less than 1.0 £.08,5% ' 7.8-8,0
:‘,:t.‘;“zg;: 6,750=12,000 nil 5il
™3
DOT amg/1 10=40 races t0 7.5 Tracen
OP‘
:2” (54, 207%)  435.280 120-24% 30-50

In a DT formulation plant a 50 per cent wettable powder is
wade. OChira clay and surface-active agents are milled and mixed
with the DNT. Three successive mills are used, the final one
veing an impingement-type air mill. Cyclone ceparation and a bas
filter prevent dust losses.

The material dalance for the productien of 1 ton of technical
DOP 4¢ (8)1 alcohol, 0.12} benzene, 0.84) chlorine, 0.77) and
"'-. 1.32.,

ladewr force

fhere are 217 workers and a supervising staff of 21 in the
feotory. The minimum wage paid ie Rs 302 & month. Out of this
wage, 10 per cent is paid for housing compensation. All the
workers receive uniforms and eshoes from the fectory.

L1 ] m’avnngo. the Hindustan Insecticide factories spend
searly M 500 per employes per year on etaff welfare. The sompany

" arremges for periodio medical check-ups ef empleyess. The

iavestaent for the first—aid medical centre wazs % 1.! sillien.

e ocompany has set up recreation centres and co-eperstive steres,.

e company spends s 20,232 yearly ea etaff training. Of
the poeesidle man-hours, loss due to illness and adeence ie

9 per cent,

3
é
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BpENRT ATl S MALLTOMANTe and ped ccrotructron, and 131 persons
work 4n this “ection, .
Ll
Tgne v em
Ny e o4 merceete 1uboralory, with a e .2l investment of
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PP P S CTN I FICTUNI S BEE RS UTHE SIEER S A p orrent deal of attention is ,
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]
fhemical Laroratory atl Feona and at the egional Research
Latorar =y av soerabad, ‘
¥
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Tbla Y wives Lhe costs of profucing technical DD ard
formulated T,
%
. mhle 2, Costa of produrtien ai Kindustan Insecticides
(percentare)
. Item Production plant Formulatiom pl=ant
- o .
g . Raw materials 50 21
- Imported DUT f
N Fower A 3 , '
. HSteam 3 ) ) i
Salaries anl allowances 20 " r
Fain.enance and repair 1Y "
Depreciation 7 3
Factory overheads 2 ? L
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Polliution controel

A study was made recently of requiremeris for effliuent ireaincni.

The installation of a neutralization tank whare limestone (fa00,) is

used as a neutralizing agent ond a clarifier to seitle the srpsun

has been recommended., The gmypsur is to be dispcred of by landriiling

after it has been dried on an open-air dryving bed, It was stated
that the gypsum absorbed ani enciosed the 07T pavrticles during
precipitation. A further binlogical iresime:i 3sneuld reduce L0V
content and BOT to lcv levels as shosn in tebie 2,

The chemical treatment plant, which will cost s 02G,0CC, is
under construction. No decizicn has yet been made regarding the
implementation of the biological treatment system, but ‘ther» i8 a
good chance of its realization.

It is not quite olear why the efimctive fibreglass/active
oarbon filter shrould te abvandoned and replaced by coprecipitation
and absorption in the precipitated gypsum. It is generally known
that gypsum has no outstanding absorptior cqualities, and
ocoprecipitation may be a hazarious operation.

As t0 gaseous discharges, mainly containing HCl, Cl2 end types
of vapours of organic compounds (alcohol, anthrylchloride, chloral
#%0.) a rather primitive washing tower system exists, ‘This systiem
ocontains two units of two rectangular towers made out of acid-
pesistant natural sandstone. The effluents from ilis towers pass
e neutralising tank using lime and a seitling tank befure bveirg
discharged into the sewer. The investment cost of this treatment
wnit vas approximately Rs 150,000.

Oonolusions

Hindustan Inseoticides il s relatively small fastory, partly
oguipped with old production units. I% ia well sanaged and its
products are good, Yanagement is aware of the dangers of pollution.
Now oquipment for poliution abatement, designed after & careful
stuly had beem carried ocut, is under comatruction. Spent sulphuric
acid 1a recycled after appropriate treataent.
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Ltacu~Tickeon limited

Nacpur

hscu=Hickron lLimited, a vrivateiy cwned company ithat oraduces
wood preservatives, bezan its activitirs in irdie 1n 1504, The
present tnite, hovser, ore only about 73 jears nld, fhe fa~tery
cemprises a mixins unit, where coppor sulphate, sodium vichremaie,
areenic tricrzide and arsenic penioxice ace bleauzd. The nixture,
dissolved in water, ir used for the inpresration of woud in a
large eylindrical vaessel, Suuh o treatment unit is included in
the factory. 4n instailaiion for sawinz woed to prepare it for
treatment 1s on the prenises,

Attempts are being made to produce arsenic pentoxide t'rom

arsenic irioxide by oxidaticn with nitric acid 25 per centi in a

batch process. Fumes from this rrocess contain NG, and NC, which

are absorbed in water and in a second sbsorber containing dilute
caustic. 'Ihe wrater solution is recycled. The exit stack of this

unit showed no coloured dischargesj nu analyses cf the stack gases

have been made. The small production wnit for thia process is

called a pilot plant.

There have been difficulties with this process in that ur

until now a crystalline reacticn product has not been ohtajnec,
Muly a herd, solid mass coniaining mother liquor in its pores has
been cbtained, which is uced in the solutions for wocd p.aeserving

in the plant iteelf, In formulations to te <-ld, this "ara mess

with entrained mother liquor cannot be used, end imported srsenic
pentoxide is used instead,

Productien

Total production is §50-570 t/a, of which about 50 tons ere

exported. The balance is used in about 200 wcod-preservation plants

in India. Abeuat 47 teas of mraenic oenvoxide are used yearly,

!
*
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of which ubout 40 are imported. As mentioned before, this
production is not entirelv satisfacicry, and at*empis lo nraduce

a crystallina free-flowing product are teing continued.

Most of the raw materials used in blendins the final product
can be used directly. Copper sulphate (OuSOA- ‘3??20) has to be
ground, A hammer mill fitted with 8 heg filter is used for this
purpose, Some dust was evolved., The operator wac protected only

by a cloth covering his noze and mouth,

The blending equipment consists of -rotating drume, The
formulation contains ore part of arsenic penioxide, three parts
of hydrated copper sulphate and four parts of rodium dichromate.
The product is filled in small drums, and no precautions againet
dust are taken.

Maintenance is poor. The plant is not kept tidy, and a
great deal of material spills on the floor. Apparenily the floor
is clesned infrequently (6nce a month), The iteam found that in
the room where arsenic trioxide is oxidized, relatively large
smounts of this poison had Leen spilt on equipment and the floor.
All the floor cleanings are flushed into a small, onen scwer,

which was said to be connecied to iie public sewer Lystiem,

Te wood—treatment section, which has bteen in operation for
three querters of a year, comprises a horizontal pressure vegsel
about 20 m long. Impregnation is done with a 4-6 per cent
solution of the préaorvative. The solution penetirates the wood
through hydraulic pressure, and the time it takes depends on the
type of upod and its use, After impre@utioh. the resulting
liquid is pumped back and used for the next btatches. CSpilt
1iquid is dropped on the soil. Normally 0.25 1b/ft’ of wood is
used, but in special cases 1.25 1b/ft3 has to be used, for
example, for wood to be used in cooling towers.

Of production, 25 per cent is foer cooling towers, 50 per cent
for poles {elecirioity, telephones etc.) and 25 per cent for use
ia Wilding houses and fences.
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A wood-sawing unit has recently hbeen tuilt containing the
usual types of sawst, Cafetly and protection equipment has nol been
installed. A ventilation svstem with cyvclones to remnve pawdust
is shortly to be installed, and the sawdust is to be ured as fuel,
The wood-drying unit ia also recent, The weod is dried in cells

using steam and hot air.

Economic data

Total investment costs are Ps 750,000, of which 60 per cent
is for raw material and 2-3 per cent for maintenance. The factory
employs 30 labourers. C(ae person works in tie laboratory and

there is a works mana~ar and a general manager.

Discharses

Yearly losses in production are said o be 5 per cent, worth
Rs 50,000, which mears that about 30 tons of a highly poisonous
product escape to the environment (into the sewer and the soil).
This factory is very untidy. Floors and machinery are covered with
too many maierizls, and more than should be permitted in view of

the highly poisonous rature of the raw materials ani products.

The workers are not sufficiently protectel against the poisons
and wood saws., The physicisn, who besides running a general practice
in the city also takes care of the factory employees, reported that
five of the workers were allersic to arsenic compounds and that
they were auffering from derratiuis, ‘Two or three of tia workers
were suffering from chronic vwl~ers. In ihe team's opinicn, &
physician specialized in indusirial health may find more sigms of

poisoning from Cu, Cr and As,.

Hecommendations

A thorough study of the factory as a whole, with special
attention given to safety and pollutiom, should be nade. New flcors
should be made seamless, and adequate washirz facilities should be

G e i ¢
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provided. Flecor washings should be collected and correctly
treated to remove copper, chrcmium and arsen’c. ‘Treatnen?
processes ghould be under strict conirol, and effluents into
the open sewera should not contein more than 2 ppmn Cu, 2 »wom Or
and 1 ppm As (preferably leaz)}, Spillings into the soil should

be completely prevented,

Equipment should ba ruch that dust cennot ve emitred (hasmer
mill, mixers eic. ). The wood saws should ta *rvtedl with nroper

safety devices, Sawduat should be remove? by u ventilatirn system,

To vroduce arsenic pontexide, o highly peiscnous vrocuct, the
services of a conmuliing engineer =re required. “he facililizc of
such a small enterprise sre rot mfficienily large ic carry out

these investigaijons.

Management feels scme uneasinecss about what would happen with
the preserved wood if, after many years of service, it should
require replacemert and have to be desiroyed. fThe best soluticn

would probadbly b> incineration, but then the ashes would ccatain

all the poisonous presarvatives. Thie is a real problem, especially
as the preserved wood is so}d for use throughout a large

geographical area. The use of orgunic preservatives :cuch as

‘pentachlorophenol could avoid the ahove-mentioned problems, since
-4meineration deoes not produce poisonocus ashes.

Pertilizer Corporation of Indis

Trombay, Bombay

%he Pertiliser Corporation of India (PCI), which is state-owned,
has meny factories all over India. The Trombay factory, whick is
situated about 25 km from the centre of Bumbay, came on streanm in
19635, wvhen a 350 t/4 ammonia plant, built by Chemico, & company im

!
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the United States of America, started producticn. It was scon
followed by a urea plant (300 t/d), a complex fertiliger plant
(700 t/d), a sulphuric acid plant (200 t/4) and a nitric acid
plant (320 ¢/d as 100 per cont}s Annual output is (t)s

N, 81,0004 P205' 36,0003 K,0, 30,0C0,

Plans for a phosphoric acid plant are teiny madas, and
reconstruction of the sulphuric acid plant ovizinaily built by
Chemico is underway. Modern, low-pollution te.hanlogy i8
being used.

Sulphuric acid olant

Sulphur ic used as raw matericl. Design emissinns ares

¢ 0.2 vol per cent, &nd acid mis+ (H2804), C.01-0,06 vol per cent,

510)
2 3

or 1,070~2,100 mg/n
80, is 0.13-0.14 per cent .ana acid nmist B00-8€0 mg/nB. Stack
height is 17 mj total emiasions are 2,700 kg/d of 802 and 700 kg/d
of acid mist.

Under normal conditions at full capacity,

During the team's vieit, the econonizer used to recover waste
heat broke dewn. To keep the piant on stream, the gas strean was “u_
being cooled by air quenching. As a result, the absorption tower
was overloaded and huge clouds of acid mists were emitted. "he
emission was said to be about twice the normal amount, but no
measurements were taken, The tean doubted tha validity of this
statement. Shutting down the plant was apparently out of the
question, as orders had to be met for other production & shemes,
The situation was expected to contir.u: for severs? wee:zi, pellusting

the cavirenment heavily.

The sulphuric acid plant is to be enlarged so that its
capacity will be 300 t/d. A turbulence filter is to be added
where acid mist is precipitated by impingement on glass balls and
where the mist is collected as sulphuric acid. Pressure drop is
to bde about 250 mg/mB. Morcover, the sulphuric acid plant jiself
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is poing to ba reMmilt usine the Payer nrocess of double ‘catalye
double absorption. Discharpes aho'ul'i e 250 opm SOZ, or 1,000 k»
302/'d plus 40 ke/d of acid mist, 3ulphuric acid yields are high,
and the subsequent higher ucid preduction will pay off exira

coets in two to three years.

Phoaphorir scid plent

A phosphoric acid plant desisned Yy Nissan, Japan, using the
hemihydrate /dinydrate principle, i® now under construciicn, and
oapacity is anticipeted to be 100 P,0q 1/d, phoephoric acid
having a concentra'ion of 26-30 per cent }"?(}5 is proguced, Thia
product is subsequently concenirated to 50 per cent P?OS' “1porine
is emitted durinrg the rezction hetween phosphate rocx and sulphuric +

acid and while the acid is being concenirated, Fluorine comncunds

are washed with water, and a 25 per cent soluticn of }12?1?‘5 is
recovered, “hig solution can ve nsed far the preilucticn of
i aluminium fluoride or other fluoride products, Such procuction
ie under consideration, which the team sirongly encouraged,

especially since it can be economically self-supporting, laseons

effluents are about 1¢0,000 .‘.'na,’hour. The to:al flunrine o= ssion
should be 9 kg/d (4-4.5 ppm)s stack height is 36 m. Ground ievel
concentration (glc) is expected to de 0.07-0.1 ppm. Solid weste

is mluui. The Nissan process giver rise to was%e gyosum of hish

et i o e Aot . i i b it

purity. Both F and P,‘,O5 content are low, and the product can %e
used without further treatment for the production cf consiruction
materials/gypsum panels and blocks for building inner walls.
Pveniuslly the waste gypsum could bs used for the simulianeous

production of sulphuric acid and cement, but this procese is only
esconomically feasible under certain conditions.

jamonis plant

he ammonia plant, which was built by Chemico, produces
350 t/4 using reciprooal compressors. It is a naphtha partial

I
,.,-mmwr‘
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oxidation plant using 760 kg of naphtha per ton of ammoria.
Carbon dioxide of the naphtha processing is used in the urea
plant. As a bty-product of the pvirtial oxidation, 6-=7 itons of
carbon black are produced datily. No particlea of soot ars
emitted. Wash water contains carbon black, aad treatment with
kerosene produces a carbon black suspension from which kerosene
is distilled and recycled, Apparently there are no hydrocarivon

emissions,

NMitric acid plants

Two nitric acid plents each produce 60 per cent acid at a rate
of 160 t/d of if2:0y (ee 100 per cent). The plants are idertical and
are of the high-pressure oxidation an’ absorption type. They were

”
designed by Chemico in 1965.
Inission control .

Gaseous discharges of NO  are reheated to 4850(‘., mixed with
tail gas of the anmonia plant (co=purification unit) and combusted
using » catalyst. Tail gas contains 40 per cent CO, 6 per cent 32 §
snd 6 per cent CH4; oridation products are CO, and N, Discharge -

gases are 34,000 n}/h from each unity concentration is below

0.05 per cent NO (by volume); the discharge is not colow cd, Stack
height is 25 m. A NEERI report (1971/72) stated that the
denitrification unit did not work properly, but from what the team
ocould ses, no coloured fumes were emitted from the stack. The wnit
apparently now works well,

X Mct;on uwnit

The treatment of phosphate reck with mitric aoid is the dasis
of the NPK production unit. Several iypes ef reck phosphate are
weed as rav materials. Apart from the local Udaipur rock (16 per aent
r,o,). which is available enly in & limited quantity, Xorecco,
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Jordan, Florida and YMaure phosphates are used., Nitric rcid and
some sulphuric acid are used a3 well as ammonjum phicsphate,
Ammonia is used to neutralize the acid soiution after dirrestion

of ihe rock., Potassium is added aa potacuium chloride,

Seventecn lU-chaped reactors are placed in series. ditric
acid, sulphuric acid, phosphate rock, ammonia, armonium~chonphate
and potassium salts are added in an appropriate sequsnce int the
row of reactors., The resulting slurry ic heated, dried and
granulated in a spherodizer. This is a rotaling drum of large
diameter into which a return stream of undersize and (brokea)
oversize of granules is recyclad., A sieving system, a cooler and
a powdering drum complete the installation, Excess anmonia is

sorubbed with acid and recycled to the reactors. lo ammonia

?.
losses are recorded, ‘
Discharges .
.

Fumes from the nitric ncid trestment contain flucrine comprunds,
aitrogen oxides and 802. Tese exit gases are washed in a scrubher
system containing three scrubbers in series,

FCI calculates that 15-20 kg/d of F are discherged inte the f-*
atmosphere. The liquid discharges of the scrubbers are discharged
into the sewage system and ultimately end up in the sea. The j s

l1iquid effluenis are not treated.

Oaseous discharges from the sphercdizer contain dust, F and
80, (the latter from fuel oil combustion to 10 t/a). A cyclone
sysiem separates part of the dust further "dedusting” by a baz
filter is not appropriate owing to the hygroscopic nature of the
products that contain up to 50 per cent of ammonium nitrate. The
oxhaust contains 0.6 t/d of 802. Te content of mixed oxides of
aitrogen is 0.95 mg/l.

NEERI investigated some of the gasecus discharges of FCI in

1971/72. According to the report, the NPK plant enits a gazeous
discharge of 30.4 kg/d of P. The P content of the gases is
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1,2 mg/1 vefore and 0.2 mg/l after the scrubters. Conzequantly,
the discherge of F into the wash water amounts to 177 keg/d,
These effluente are discharged into the sewer systen, which
discharics into the Thana Creck, ‘

Also reported is a total emission from FCT of's

Tons rver day

o
Acid mist ) 1o
NOx 0.%
et 0.1

The main products of the NPK plani are 15315115, 20120310,
1811819, (These numbers are percentages of the nutrients nitrogen,
phosphorus, aid potassium respectively and calculated on the bases
of percentazes by weight of Ii,, ons and K20.) At present,
production is 200,000 t/a of NPK, and an expansion of capacity to
300,000 t/a is being planned,

The plant, especially the part whers the phosphats rock is
digested, looks rather untidy, with much dust everyvhere and spilt
hygroscopic material. This material may be the cauce of the
exoessive corrosion.

Ieiler house

There are three Babbock boilers and one Thompson. Total
fuel consumption is 60 /4 containing 3 per cemt 5. Dmission of
80, is, therefore, 1.6 1/d. Also esitted is 0.5 /8 ¥,

Jabeyr o
™o niniwum wage is M 193.50 per month, mede uvp a8 follows;
‘, Basic wage : 70
living sllovence 116
1 City compensation allowance 7.90
193.30 .

*




The company also pays Rs 150.60 a month in fringe benefits:

Pension ocontribution 14.88
Annual leave 50,90
Cratuity 2.90
Uniform 9,92
Medical and health scrvices 24.10
Canteen subsidy 4,00
Leave travel ccnce=sion ?2.00
Recreation cotivities 0.40
Fanily ponsion 23,30
Incentive schems production bonus 9,20

190,60

Medical aid is available to employecs at the company's hosnital,
The total expendiiure on medical facilities in 1974 was Rs 1.30
million. A "fair price shop” and a consumer's co-oparative have
been opened, A eport club with swimning pool facilities has been
organised, Cultural and social rotiviiies are encourapged,

Special attention is paid to the training of nersonmel at all
levels. A special training institute hae be:n croatel to mive,
for example, developmeni courses for ail cateories of employces.
T™is training department offers training facilities mot only tc ~h2
other units of the corporation, but also to educational jmmiitutions
‘amd other chemical factories, The total expenditure on training
4n 1974 was & 1,80 million.

Nerkshop .

In the central workshop, esploying 1)3 werkers, s grest desl
of constructicon work is done. One of the ressons for having a
workshcp is that delivery frem the consiruction firms is very
irregular, vith long delays caused mainly by the scarcity of raw
saterials. Jost of the plants have sdditienal small workskeps.
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latorateries

™e company has laboratories for production control butl nore
for pollution conirol. ™e tstal investment in the laboratoriec

is Rs 600,000, tctal wares, Pz {00 million.

The annual corsumptionm {ters) of fuels and raw materials io:
refirery pas, 25,0703 fuel oil, 30,0003 petroleun narhtha, 120,000,

The factory comsumes 4-6 million ral/d of water.

sumrrary and recormendntions

mhe previously mentioned NEERT report gives a summary of

ganecus discharczas in 1971/72, as shown in table A

Table 4. Oaseous diccharges at FCI plantis et Trombay

in 1971/72

Discharge 502 Tt NOy rm3 Acid mist  Fluorides ma ¥ .
Sulphurie acid 2.64 - - - 0.7% -

Kitric maoid - - d.12 = - . -

14 ¢ 0.6 7 ? - - -

Yethanol 0.9% - - - - - P
Urea - 4.8 - 3,94 - -

Poiler house .56 0. 0.% - - -

e PCI plants at Trombay, with the exception of the XPX plant,
are well maintained, The manazement is aware of pollution, and new
extensions are under way where technologies may be able to ruarantes
fow discharge levels, Denitrification equipment on the nitric acid
waite in proof of management's concem.

It is recommended that the reprocersing of flworine from the
discharges be carefully considered, simce it appears to Ve
eoenonically feasidle.
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Fo bad effects on health have daen reported, even ithcurch
some of the urits are not well maintained, Socme kird of bad
effecte could be expected.

tn the other side of the hill near tha plants and the
rezidential arsa, a nuclear power station is in oneration. The
nearness of this power plant to a chemical complex may cause
complications from interaction of discharses, 1This possibility
should de invertigated,

Kational Crzanic rhemical Industries Limited

Thana Belapur, near Bomday

About cne third of the shares in the National Crganic
Cwmical Indusiries (NOCIL) ie held by the Jovernment, one third
Wy the Shell Company and the remainder by private Indian citizens.
hel] provided NOCIL with know=hcw on the processes, o anti-
pellutien measures and on management preceduree,

The faciory preduces ethyler>, ethyle.s glycol and chlorinn ed
preducts, of which vinyl chloride and pelyvinyl chioride (FVry are
the meest important. It uses maphiha, delivered from a Purmah
Shell refimery at Trombay, )2 km away, &8 a rew materisl, It
alse produces organic solvents (acetons, iscpropyl alcchol and
others), alcohols, bensene and butadiems., The factory slnb has
an air-liquefaciion unit preducing oxygem.

The factory came sa stream in 1368, 1t is situated ia the
Mans Creek industrial srea north-east of Bosbay. Total capital
oosts were Mo 550 aillien. Simce 1971, the company has nade o
prefit, and for the 1aet twe years ihe prefits have deea reiave:zted.

ot 5,000 Indian indusiries wee FOCIL preducts o8 rew
ssteriale or internsdiates,
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Production

e initial step in production is to distii naphtha, of which

225,000 tons are used yearly., The naphtha contains ebout 10 per
cent aromatics. Production is (t/a)y ethvlene, 60,000y
propylene, 15,0003 -benzene, 14,0004 butadiene, 7,270 and liguid
fuel, %5,000. The vplent also vroduces 6,500 + ' of oxygen.

The products ihat sre importied most are vinvl chloride eand
PvC, since only 3,700 and 16,500 t/a are producea, respactively.
Chlorine is purchazed from Ctandard Chemicale Limited, which is

lecated neardy,

The process used is chlerinatien of ethylena to ethLylere
dichloride, Mroush further treatment thir compound is
decomnomed inte vinyl chloride »nd nydrochlorie acid, The Shell
vinyl ohleride process is used for this step, The hydrochloric
acid is dissolved in water and returned to Standard Chemicals.
Fo gesecus discharges containing MCl exist, Part of the vinyl
ohleride is seld as suchj the greater part is processed into pIC

and PYC compounds,

The viayl chloride plant is an open-air :lant, well 1aid out.

Vinyl ehleride levele wers measured to be 50 popm by volume,
Nansgoment hepes 1o dring the level down shortly to *rat of neo
detectadle traces.

%o factory also preduces solvants based on propylene. ™e
sain preducts are isopropyl alcohel (2,000 t/a) mede by
hpdroxylation and acetene (7,000 t/s) made by exidising propyl

aloohol. Anether important preduct is 2-ethylhexancl (10,000 t’a)

ssfde Yy & pelymerisation reactien. Shell processes are used,

Renage

Propyiene is stered wnder pressure in & Hortom 3phere,
Detedione 10 stered ia & seld tank at +10°C,  Other volstile

produsts are stered oither in fleating roof tamks or under nitrogen

r"' |
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bdlankets. The storage processes are avparently efficient, since
no hydrocarbons have ever teen detected in ithe input air sirean
t0 the air-liquefaction plant, °

Maintenance

The factory is very well meintained. The maintenance cecticn
employs 145 workers. The annual ecperatinz expenditure on
maintenance i3 Re 1,510,000, The cleaning of the vinyl chlecride
reactor sectim: is discussed under "discharges”,

abour

The plant employs 748 persons, of which 302 work in the
head office and in sales and distribution centrec.

The minimum monthly wage is divided as follows:

. B
Dasic wage 150
OCost of living allovance 241

Other allowances 244
(rent, food, insurance, btonus etc.) °
In 1973, approximately 4 per cent of possible mun-hours «#as

lost owing to tllness and absence, which corresponds to a loss
of R 50 million,

MKanagement has devoted a great deal of attention to the
treining of workers. Before the plant started, management made
great efforts to train workers in the various phases of opsrationm,
saintenance and sdminiatration of the plant to ensure a smooth
start and efficient running. Vlany staff members were sent
sbroad to be trained in the various aspects of operations and to
work in plants similar to the KOCIL planis. After rsturning from
sbhroad, they in turn instructed other staff in the detaiied
aspects of operation and maintenance baced on their neily acquired
inowledge. Training oonsisted of imstruction im theory and mary

;
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hours of practical work in the plante under conestrmetion until
all workers were f{nlly acquainted with the meny intricate
details of the desien and operation. As a result cf this

training, practically all workers are skilled,

After operation began, the training of employees continued,
and a permenent treining centre was ecstsblished within the piant.
NOCIL ostablished a technical training cenirs outside the plant
to train villagers, 1In 1973, the totial training cosia amounted
to Rs 332,C00. .

A schome for the economic and social development of three
‘villages in the neighbourhood has been develored in azsociation
with Polyclefins Industries Limited and Standard Alkali.

;-g Discharges
. The plant discharges:

(a) Highly chlorinated products such as tetrachioroethylene
and chlorinated polymers. These wastes, which are mainly liquid,
are disposed of in a lendfilling area, with government consent.
The groundwater in this area is brackish ard cannot be vsed for
human consumption}

(v) So01id wastes from the solvenis and alcohol plants, vhich
are highly polymerised products from side reactions. 1Thess vastes
are inocinerated,

Three separate sever systems exist)

(a). Yor rain water, which goes direct to the Thana Creek,
Cooling water is also discharged through this sewer

(v) PYor chemical discharges apart frcm those previously
ssntiocned, Those that are acid are neutralised with limesione
bYefore being discharged)

RS e I

(s) Por éischarges containing oil. These discharges pass s
separation plant with plate intercepiors end vhere part ef the ofl
is separated. It is uweed as fuel.

;
13

iRt S S R




- 41 -

e effluents from (b) and (c) puss throush a pord and are
then discharged into ihe Thana Ureek, tosether with the
effiuvent from (a).

In all, 250 m3/h is discharged contrining leus than 1.5 me /1
of oily substance nnd less than 200 me/l of suspended natter, FOT

is less then 75 mg/l and COD less than 200-300 me /1,

An emergency discharse for HCL effluent {ir. case ihe
absorption unit feils) consiets of a lime pit where the effluent
is neutralized. 'This unit has hardly beey used. A small lake
with a rocky boltom serves as an emergency oubiet. This lake
cannot discharge into the sea. A pipeline ig used 1o fill and

empiy the laze,

fccording to data ohtained from the Ministry of Industrial
Development, 6 million cubic metres of gascous effluents
oontaining CC-?, water vapour etc., are dircharged daily. MNo
noxious discharges have been reported.

NOCIL i® & well-nrganized factory, and poliution control more
than meets government requirements. However, the Thane Creek is
highly polluted, The tide is not eiron. enough to c¢leance the
oresk of the discharges of the many indurtries along *ts banks.
The government considered building a sewer sysicm to bring
effluents from industrics to a point near f.ho cpen sea. However,
sinoe investment costs were high, the plan was nasver implemented.
losese in fishery were considered to be lower,

The many power cuts stop plant operations and thus increass
sosts, For example, in esix months thers are 2C power failurss.

Baslth

The physician in charge of the medical department is the
president of the Indian Society of Oocupational Fealth. (%
obteined his industrial health training at the london School of

s
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Hygiene.) He ic well aware of the possible effects on health
of such an industrial complex. Yo Lealth prctlems from working
on the vinyl chloride and PVC production lines have heen
noticed. This may be because the cleaning of the reactors hae
been carried out by an outside contractor with a high turnover
in personnel, These workers are not medically supervised

by NOCIL.

There are several vi)lages near NOCIL. NCZii, provides
material and know-how to build sanitary outhouses and supply
drinking water. In this way sanitation and Lealth conditions

sre improved.

laboratories

Investment in the laboratories as of December 1972 was
Rs 381,500. The laboratory staff consisis of 31 persons. The
total operating expenditure in 1973 was Rs 856,000.

Herdillia Chemioals Timited

Thana-Belapur, near Bombay

Ferdillia Chemicals is a privete enterprise, a joint venturs
of Mritish Petroleun Chemicals, formerly Distillers Chemicals,
(Onited Xingdom), Hercules Incorporated (United States of Amerioca)
and EID-Parry Limited (India). The 30C-acre factory site is on
the Thana Oreek. Ferdillia produces phenol, acetone, discetone
sloohol, phthalic snhydride. FRaw materials used are bensene,
propylene, o-xy)ene and alcohols.

The total costs of the enterprise were estimated at
B 106 million in 1964, However, the final figure was ™ 140 milliom.
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The investment in the various plants is &3 follows:

Thousand rupees

Pheno) plant 17,842
Diacetone alcochol plant 5,729
Phthalic anhydride plant 32,837
Dioctyl phihalate plant 10,772

Annual) productiion is as follows: cumere, 14,500 iitires
which is “urther processed intc phenol (10,000 Llitres), and
acetone (6,000 1itres); phthalic enhydride, 6,000 litres, nart
of which yields 3,000 litres of vhthalic esiers; diucelcns
alcohol, 2,000 litres.

Water consumption is 2,800 m3/d. Production of sieam of
30 atm is 25 t/d. Installed slectric capacity is 4,000 kWA,

The company omploya‘ 300 workers.

Mul unit

Bensene and propylene are purchased from the neightouring
company NOCIL. These two products are reacted to form cumene,
068501% ((:113)2 in a plant desipnad by Lumnus in 1967, Taily
fnput is 49 tons of bengenc and 28 tons of propyleneg yield is
6% tons of cumene. All cumene produced is orocessed further to
make phenol and acetons.

JDischarzes
The plant is built in the open air and ithe layout is mcdern,

Tere are few, if sny, noxious gaseous effluents. According
%o date obtained from the Ministry of Industrial Development,
1.1 aillion n’/d of gaseous effiuents are emitted {(as calsculated’,
St no data about pollutants have besn produced. There are phencle
eontaining liquid effluents totalling 180,000 imp gal/d « 550 m° /4
l.aiunlng 200 1b = 90 kg ot phenel, No aoetone is contained 1n

.the dischargzes of <he nh-nel rlznt,

El
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All the wash and spent cooling waters are rixed in an cpen

conercte bagin and then pumped to a gravity oil-skirmer, where

most of the oily =ubstances are separated. The oily products

are sold., laste water then enters a basin (130 £t x 40 L x 3 r't)
havine a holding time of 24 hours. Apparentl; nothinge naroens in
thi% basin, since no eeration farilities are aresent, iU is
planred to add a=ration emipment i£ the deairotinn of phenel
wastes i required Ly the anthorities. Urether the dimernsicne

of the concrete basin are larpe e¢nough for successtul treatmeni
gshould be thoroughly investigstoed.

Prom two hcldine +anke, which together heve the same capacitiy
as the basin, the waaies are pumped into the creex through a

5-km piveline., Discharge is permitted only et hirh tide.

Discharge of vheno) is 200 1b/dj discharges of 350 ib/a is
permitted. Furthermore, the wasie water contains sodjum
sulphate and small amocunts of organic material. An inveatigation
carried out oy Disiillers Chemicals gave the resulis listed in
table 5. Manganese, a poisonous substance, ie preacnt as en

inorganic pollutant.

Phihalic anhydride unit

The plant oxides o-xylene. The layout is such that
naphthalens can be used as a ravw material, but at present this
product is not available to Herdillia. Input is 23 t/da of
o-xylene; production is 18 t/d of phthalic anhydride, part of
which is csterified to produce 18 t/d cf dioctyl ohthalate.
Ny-products are maleic anhydride and non-identified organic
wastes, which are either incinerated or sold.

Jejntenance

A separate section for maintenance employs 111 workers.
total expenditure on maintensace is %= 2,130,000,
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Laboratories

.

Tirty-eight persons work in the lahoratories. Invesiment
in the laboratories amounts to Rs 771,000, The operating cozt
is Rs 603,000.

Table 5. Discharges of Merdillia Chemicels plants

(s) Discharges from phenol plant

Conatituent=n Pounds pex hour Puunde in 12 howrs
Cumena A.8 7.0

Cumene hydroperoxide 13.7 . 164.4

Fhenol 21.5 258.0

Acetone 7.4 88.8

Mesityl oxide Trace

Sodium phenate ) 4.7 56.4

Sodium carbonate 12.8 153.6

Sodium sulphate 22.6 271.2

Sodium peroxide 8.8 105.6

Aoidic material 31.6 297.2

(v) Discharges from other processes

Constituents Pounds in 12 hours

Cumene .
Caustic soda 30
Sulphur 1.2

Pithalates
Sulphuric acid 100
Pensene sulphonic scid 3 ]
Soda ash 3%6
Oaustic soda 105
Potassium permangunate 126
Sodium riaulthate | . 147

(plus traces of manzaness compounds)

Jpurges Distilleis Chericals (now British Petroleum Chemicals).
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Indi stuffs Industries Limjted

Kalyan, Bombay

Indian Tyestuffs Industries Limited, a privately owned
company, belongs to ths Mafatlal Oroup but collaborates on
technical matters with the Indian WMontedison (roup. Production
started in 1956 in Kalyan, which is north of Bombay. Originally
only a few vat dyss were produced, but now some 80 dysstuffs and
ssveral intsrmediatss, such as aluminium chlorids, anthraquinone,
sodium hydrosulphite and sulphuric acid (including oleum) are

produced.

Labour

The company employs 1,300 persons, of whom 700 work in
production and finishing 500 in maintenance and utilities; 250
in research and development; and 550 in administration, security
stc. The average age is 38 years. Only six wvomen are employed.
Most of ths personnel havs been trained by the company. Annual
expenditure for training, including classroom training, is
Rs 50, 000.

Production
Table 6 shows production in 1973/74 and sanual capeoity.

Tahle 6. Production in 1973/74 and annual cepacity of
Indian Dyestuff Induetriee

(Tons)

Product Production in 1973/74 fnual capecity
Dyee 850 1,170

Vat 660

Dieperse 70

PFibre reactive 120
Aluminium ohloride 9,000 10,000
Sodiwe hydrosulphate 3,000 3,000

oleun
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Production is carried out in batches, and most of the
equipment is used for several products.

The team discussed and observed the production of aluminiun
chloride, sulphuric acid, enthraquinone and eome of its
derivatives and a vat dye of the irdanthroene type (¥avinor blue
RSN), ¢ disperse dye Navicet Brilliant Yellow 'G. At the end, the

disposal of wastes was discussed,

Aluminium chloride

Aluminium chloride is produced by & continuous process
carried out in brick-lined furnaces in which sluminium metal is
melted by & gas fire. The furnace lining has a lifetime of about
15-18 months, after which is must be fitted with a new
brick lining.

As soon as the metal is in a liquid form, chlorine gas is
introduced and a vigoroui reaction takes place, evolving enough
heat to melt the continuously added aluminjum. MCl3 sublimates
and is oondensed in a water-covoled condenser, where it solidifies
in the form of a white crusty material. There is a slight excess
of chlorine, which is absorbed in a sodium sulphatc solutioen.

Ten kg of this product are used in the production of one ton of
Alml. Apparently, chlorine absorption is comple:ie, but scme 302
may be svolved in the absorption reaction. Neither chlorine nor
802 is analysed in the discharge gas. The spent sodium sulphate
soluiion goes to the sewer without any treaitment or analysis.

The crusty material is ground and sieved and then stored in
tightly clossd metal containers, since Al013 is very hygroscopic,
Mowever, ths team found the mill and the sieves opca to the air.
Oring to ths hygroscopicity of urn}, the sieves are wet, dirty
end corroded. Mumes of HCl (evolved in the reaction: Lcly +
34,09 A (':)!‘l)3 4+ JHC1) filled the milling room. Since the Al71,

unit vas well kept and clesn, the team could not understand why the

silling and sieving had not beea dons in closed and dry equipment,
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Sulphuric acid

The plant produces HZSOA ef 20 per cent and 60 per cent
strength. This is a 15 t/d plant desigmed by Chemiebau in 1950,
based on sulphur. It is a single contact /singzle absorption tyne
of plant. Although no data were available, it is likely that
with a sulphur yield of 97 per cent, daily emission of 30, into
the air may be 300 kg.

Anthraquinone and 2-amino anthraquinone

Anthragquinone is produced out of phthalic anhydride end
benzene using aluminium chloride as a catalysi. The plant produces
2,400 t/a, part of which io sold.

The reaction yields as a wasie aluminium salts that are
removed With the waste water used in purifying the reaction:
product. Small amounts of unreacted phthalic anhydride and of
anthraquinone will be present in the waste water, which is
discharged without treatment or analysis.

A two-step batch reaction from anthraquinone is uecd in the

production of 350 t/a of 2-amino enthraquinone. In the first
step anthraquinone is treated with oleum 1o yield mthraquinone;; -
sulphonic acid and its sodium salt. In this reaction, sevarel %

spent produots are formed, such as sodium sulphate, some culphuﬁlc

aoid and organic materials from eide reactions., All spent 11 qufid
are discharged without any treatment except some partial |

neutralisation,

In the second step, the silver sslt is reacted with 25 porv'ccut
ssmonia solution at 2oo°c and at 35 atm. At the end of the resction
the exoess ammonia is discharged and absorbed in water, Some !m3
say be lost, but no analyses are made, The reaction produot is
washed; the wash water contains sodium sulphate, some ammonium
sulphate and organic materials. The wash water is duchugod
without treatment. The yield of pure 2-amino anthraquinone
emounts to 350 t/s.
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Vat dye (Navinon Blue 25%)

Kavinon Blue SN is made out of 2-amino mthraqui.none by
fusion with alkali and sodium chlorate at a hich temperuiure
using gas as a heating medium, There are many side reactions
and consequently much waste material. The uncoloured resction
product is purified with sodium hydrosulphaie and crystallized.
Again, this procedure gives rise to much orzanic and inorganic
waste. Finally, the purified reaction preauct is oxidized in
acid solution with air. The final dyestufr is washed, dried and
pulverized, In 1973/74, production was 163 tons. Wash waters
oontain acids, salts and organic materials,

oler hoise

The boiler house uses 29 tons of fuel oil (sulphur content
of spproximately 2.5-) per cent) per day. This means an 30,
discharge into the air of about 1.6 t/a,

Miatenence

Maintenance costs are 9 per cent of the vurnover, which in
1973/74 was valued at Ps 165 million.

Mtorin

The investmeni cost of the laboratories was R 2,002,000, The
operating costs of the laboratories, in which 250 persons work, are
M 12,000, which includes research and development.

Bscherses

Moot of the batoh equipment - several hundreds of vessels,
filter presses, taake etc. im all - have vents to the open air,
There is no precise informatien as to gasecua discharges from thsse
vessels. As for the ocemtinuous ejuipment, enly tke alunminium
shioride wnit has s washing device te prevent escape of excess
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ehlorine. Cas=ous discharges should be earefully studied
and analysed.

All liquid discharges pass at a rate of 28,000 m3 per

24 rours from the factory buildings throuzh a sewver gyatem to

an open tank. According to company officials, the effiuents

do not contain great amounts of dyestuffs tecause theze products
are highly insoluble, FHowever, very large quantities of highly
coloured by-products from eide reacticns are pressnt, Yost of
the discharges are acidic., In the open tank =cme neutralization
takes place, but there is no systematic treatment, The BOD is
said to be 80=120 mg/l and the COD is estimated at 150-200 mg/l.
Analyses are made by a laboratory in Bombay arout twics a

month., The highly coloured effluenis are discharged direct into
the mearby river. No plans have been made to remove the
ooloured materials.

The Comtral Labour Institute im Bombay provided the following
analysiss

) 2. 1.1=4,)

130-1,500 mg/1
0 £5=3C2 »g/l
cop 150-955 me/1

Ptal developed

Total suspended
selide (T38) 25-200 ne/A

Sulphates 29200 e/}
Chlerides ng/1
Phenel 0.8-8 s/}
Copper 0.5 s/
Deselved exygen g/}

The Covernmsat requestied that an investigation Yo nade e
effivent treatasat, specifically, neutralisation. Comsultiamts are
studying the predlea. A aewiralisatien plant will cest
apprezimately T 7 sillien. Avcerding te company effieinle, the water
12 the river Mas a neutral pi sdout 1 mile from the discharge peisnt,
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Dircharres and hrealih

All spent liquids are discliargel inic the cower without
treatrent., Floor washines are aided to there wash watera from
proceesing, As & resuit of the poor preduriior te~rricven in
the Bateh procenn, all kinda of £7ii7e arce i, Teavirs i

flcora ant emiipmeny wat,

Wortars are constanidy in contaci witlh: the vrelucis, egTe~iaily

bacause the eguinmant {inzluding Til.er presses) is loadsd and
waloaded by hard, Tre madical diracior reporied thut atoat
3100400 workers suffered from derralitis {al_er=), owing te
exposure to chemicals, ard absut 150=20N frem arsenia,  lle alto
mentigred that thre rainy season bProngnt & hich ammber c¢f
infections of the intesiinal traci sn?! the vinier teacon many
cases of bronchitis and other infections of the reepiratoury
tract, Me requested information end assistance in treatinge
allergies,

Jecommendatiens

A thoreugh investigation of kaich procesces should be male,
preforabdly with the arsictance of a eorculiins firm, in erier c
sodornise these processes, Ways of minimizing the limid
diocharges should be studied,
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111, CASE STINIES = CALCUTTA AREA

gg!t Tndis Pharmoceutical Yarks imited

Calcutea

The Fas: Tudia Pharmaceutical Works is o nrivately owned
enterpriss consiating of two faciories situatcd within a few
he first faotory produces mairly finished
The senond faciory,

wiler of each other.
pharmaceuticals and nome vegeiable extracte,
with which the team concerned itmelf, producer chemicals,

Poth facteries together ermploy about 2,000 workera, The

shomical factory employs 150 perrons working in twe shifts,

Ixedxotien

e inpertaat products areg

(o) Menia, & 2-phenyl quinoline 4-eartoxylic acid,
synidesised from indigo impertsd from Iurope, Adout five ‘ons
por meath are preduced by a batch process in two steps, First,
iadige 18 exidised to isatin and the latter is reacted with
avetophenone. Acidic effluents, highly loaded with organic
saterials from side reactions, are discharged into a pend

(d) A sulpha drug made bty acetylstion of sulpharide, ne
ten por menth 18 produced. Only & small amount of eoffluents
te predwoed;

(e) Mteroquinel, vhich is & chlere-iedo=hydroxyquinoline.
Preduction is adout 100 t/a. It 10 synthesised (m a five-etep
pesctiion schenme from phemsl. LAll steps are tatch procesies,
Meestions include ehlerination, nitresien with aitric scid,

BEIEN " o RER
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reduction with iron and hydrochloric acid, condensation with
sulphuric acid and glycol and finally iodination. All steps
produce large amounts of spent Jiquors containing acids, iron

salte, orpanic materials from side reactions and wash wriers,

Tischarees

The nature of the discharces has never dbean investigates.
A1l liguid effluents from the various processes are discl rova
into a pond near the factory, a few of them afier pariial
neutralization with limestone., This pond is in the irmrcdinte
neighbourhood of a residential area. It has no outlet, «ni the
products penetrate into the soil; part of the watler eveopointes,

The pond is very dirty and has a puirid smell.

The factory is untidy =nd effluents spilt all over the .
floors have not been wiped up. Since the factory emplovs .y
soientists familiar with the ei'fects of pharmaceuticalr; 10 13

astonishing that environmental conditions ~re to bad.

In about two years the faciory must leave its present oiicy '

a new factory is to be built at Dirgapur, 150 km rorth o coienian,

Recommendations

A thorough survey of all chemical activities should be nnde,
giving ample attention to discharge problems,

To improve the present fautory, most of the equiprent would
have to be rebuilt. When the factory at Durgapur is consiructed,
sodern technolosy should te used, Cfonsultants should be en.ra~ed
t0 make plans for a well-equipped modern factory that would have
only minor pollution problems.




The Alkali and Chemical Corporation cf Tndia

Rishra

The Alkali and Chemical Corporation of India (ACSI) was formerly
part of Imperial Chemical Trndustries {lnited Vinsdom), and it still
maintains close relations with I0I with respect to technical

experience and know-how. ACCI has another factory at Hyderabad.

The factory at Rishra begun operations, in 1940, with the
production of chlorine and caustic soda. From 10191952,
hydrochloric acid, benzene hexachloride and paints were added
to the produciion programme. In 1959, polyethylene production
started; and, in 1961, the factory began producing rubber chemioals
using diaphragm cells of ICI design. Total investmeni costs were
Rs 250 million. In 1972/73, turnover was Rs 310 million.

‘ Of the many production units, the team discussed and visited
the chlor-alkali plant, the benzene hexachloride {BHC) plant,
the paint section and the prlyethylene unit,

fhlorine and caustic soda

The production of chlorine and caustic sode uses diaphragm
oells of ICI design. Production is 2V t/d of 012. 47 t/4 of
csustic soda of 48 per cent and 6,700 n/d of hydrogen. Chlorine
s used for BHC production (13 t/d) mnd for hydrochloric acid
(16 /3 of _mz). The balance is liquified and sold. Caustic
sods is sold as a 48 per cent liquidj only 5 per cent is used in
the factory. Mydrogen is ueed for HZ1l production and for making

asitrogen out of air by using the oxygen to burn the Hz. ™he

rezaining hydrogen is sold after drying and removal of
oxygen traces.
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The electrolysis plant worke well, the only problem heing
the frequent power breakdowns, Even thous: there is a stand=by

power unit, power failure causes many difficulties,

There it an emergency let-out for chlerine when coeoling in
the chlorine liquefaction is diccontinued, The exceus of
chlorine is then absorbed in lime. As no cooling is available,
mainly calciun chloride iz formed. ™is rulution iz discharged

through a canal to the Cunges.

The chlor-alkali piant is weil kepi., fardly any chlerire
odour can be detected in the cell house. In tre evaperaiiorn of
NaOH, there is s0 contamination acart from fiver swaepings. The
cell house contains 11 groups of 78 cells. Fach group Zornsumes
920 A. Averase capacity is 2.9 i Rectifving equipment is tased »
on silicon and germanium rectifiers. Fach cell has an asbestos )
diaphragm of three layers of astestou peper. Celle are mace out

of mild steel. Carbon réds are used as cathodas.

&droc!zloric acid

The production of hydrochloric acid gives no polliuvtants,
Absorption removes potential gaseous effluents. Thie preparsaiion
of the brine includes precipitation cf suiphate by barium chloride,
soda ash for magnesium salt and calcium, Starch is added for 4
flocculation. The total amount of barium chloride used is less
than 1 t/a.

Sludges from purification are separated in a clarifier and
finally discharged into the river. About 100 kg of dry product
is discharged per wsek,

Jensens hexachloride

Pensene and chlorine are the raw materials used {n benzane
hexachloride production, Ulira violet rays are necessary 1
saintain the reaction, which is carried out in lead-lined reactors.
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There is no danger of injury by ultra-violet rays, since the
reactore are tightly closed.

When 8 per cent of the benzene has reacted, the liquid
passes to a still, where the benzene is distilled off end is .
recycled to the reactor. At the bottom of tha,stfll, BEC i
collected. It is then grennlated in hot water, filtered and
dried in e roiary drier using 140 m3/m1n of air. The air pesses
through a large filter. The discharged aix contains about
50 ppm of tenzene., Steck height is only 20 ft above grcund level,

The layout of this vlant ies good, with one excepticnt the
product is conveyed from filter to drier manually and is usually

spilt along the way. This causes corrosion, and workers' handa

and skin come into contact with BHC. The transfer could easily *
‘_ be mechanised, “

The paint factory is essentially a formulation plant where
pignents (purchased from elsewhere) are blended, milled end packed.
Some of the intermediates, such as alkyd resins, are meis using

batch processes., Alkyd resins are made oui of phthelic anhydride *‘
and glyocercl or pentaerythritol. These procasses do not create ;
pollution or by-producis. g

Total discharges of this plant amount to about 100 gal/week
(450 1). These discharges are incinerated. The ashes are
disposed of in a landfilling aresa.

Ielyethylens
Polyethylene is produced at 1,500 atm ad ?50.0 usiag s
twe-step piston=compressor system for compression. Organic
peroxides are usad as cetalysts. The excess ethylene is

DRy AL A
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recycled. Production is 13,500 t/a. Ry-products are butylene,
propylene, etker etc., totalling about 1 per cent of the input,

These by-products are used as f;iel to haat reaction furnaces,

The boilar house contains six small, coal-fired boilers,
(stack 35 m high) using 22,000 t/a of coal (25 per cent ashas,
no sulphur content menticned) and one oil-fired boiler (stack

12 m high) using 2,400 t/a of oil (3 per cent eulpnur content ).

The emismiona of '502 and particulates have never teen
measured, Cinders of the coal Iires are sold,

Labour

The plant employs 2,000 workera, of which 1,100 are in the
production units, 350 in maintenance, 180 in the laboratory ani
about 100 in management. The average age is about 35." ¥inimum
wages are Rs 318 per month, with an additicral 20 per cent in
extras. The average wege is P8 700 + 20 per cent per month,
Porty-five per cent of the employces live in e residential erea
owned by the company. The colony ::intains severil facilities
for cultursl activities (ineluding drama, dances, theaire,
sports and schools).

Bealth
The medical department of the factory has not observed

. baraful _otfcoti on health.

fewer systems and discharges

Musan sewege from the colony passes through septic tanks and
a clarifier and is then discharged, together with the factery's
efflusnts, into a canal that diecherges into the Hooghly River
(Osnges). Chlorine discharges via emergency lime pots amount
%o 6 t/month of 012. ,
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FMC losgee are estimsted to be 20-30 kg/d. Some BHT goes
i{nto the sewer. Some of it is separated in a catch basin and
goes to a landfilling area. Waste waters from the B?ic‘plant'
contain 0,007 per cent benzene in 10,000 gal:h (45 m ).
Polyethylene production gives some process water containing oily
substances, which are separated before the weier is discharged
into the sewer,

In the BNC urit, 5-15 ppm of benzene in the air was measured.
The chlorine in the cell house is not measured, but is said tc be

very low.

Conclusione

ACCI is & well-maintained plant., Vanagement is aware of
polluticn prodlems. The only recommendation is that the conveyance
system in the BHC plant be modernized, MNochanization can reduce

spilling and untidiness. -

industan lever Limited

SRR

Shamnagar, Calcutta

Two factories of Hindustan lever are located in the Calcutia
area, one producing soap and detergents and the other hardened fais.
e team vieited the latter factory. Serioue labour troubles in the
soap factory made a visit there inadvieable,

The rather old fat-hardening factory was taken over by
lin&ultm' Lever in 1952, Hindustsn lever ie owned partly by
Unilever and partly by s private Indien enterprire. The squipment
is modern and Unilever know-how is ueed. The general menager
worked for meny years with Unilever in Iurcpe.

The factory consiete of s hydrogen production unit based on
the electirolysie of a dilute solution of caueiic eoda. Apart

froa hydrogen, oxygen is formed. The bydrogen is used for
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hardening several types of vecetable oils, such us lingeed eil, .
groundnut oil, castor oil and rice bren o0il., ‘*ardened cils and
by-producte are used in the manufacture of sonps and editle fats,

including margarine,

Total investitent cozts for the two factories have a net
book value of 7 255 million (Tecemper 1971). Separae data

for ihe fat-hariening factory conld not ba obizired,

Hydrogen plant )

The hydrogen plant comprises the following celle:

Quantity Trpe ﬂell(mgf.'gcity |
' -

48 Knowles (o01d)} 0.5
36 Vasant 1.0

2 Bamag (new) 1.0

The cells contain a modium hydroxide solution that is
continuously regenerated in the process itself. Tecompored water
is supplied by a feed of demineralized waier.

Total proiuction is 74 m3/h of hydrogen. Total pe.or
consumption is about 1,200 kW, VNercury arc reciifiers euDply
direct current. As a by-product, 7 m3 /h oxygen are produced,
This by-product is sold to the neighbouring factory of
India Oxygen.

Oil-hardening nlant

%aw 0il - castor oil, groundnut oil, linseel o0il, rice oran
oi]l and others - is neutralised with hot dilute caustis soda to
remove fatty acids, which are subsequently nevtralized v sulpaveic
acid and sold as stock for sosp production., A% this 3taze about
1 t/h of wastes containing sodius sulphate and oily material is




discherged. e nurified oil is tleashed wi<h bPentonite, which
is subsequently filtered, Spent bentonite i« lischarged.
Bleached 0il is hydrogenated usine a mild catalyet and hrdrogen
in pressure vesgels under roterate pressure,  The catalyset is
filtersd and reused. Fdible oils ure hydrcgenates up tio

90 per cent saturation, indusirial oils up to 1CC per cent.

For edible ¢ils, treatment after hydroseration cerprises
a second bentcnite bleachins step. lIentonite i3 s1itered aad
the resulting oil is deodorized in vacuum. Wirally, either
edible fat callel vanaspali (97 per zent) is obtuined or the
fat is enulsified (40 per cent) after the additicn of vitamins,

end margarine is formed,

Total annual projuction is 10,00C tons of industrial oile

and 10,0C0 tons of edible oils,

Indien laws permit the uze of marzarine enly in bckeries

&

and biscuit. factories. lousensld marsarire may not te sold.

Seven t/h of low~pressure stean are proiuced. "The ccal-

. fired Babcock-Wilcox boilers require 1 i/n of powdered ecal.

Ash content is high (20 per cent), suiphur conient, lew. Stack
height is 45 m. o analyses cf stack gases (30?, particulates)

are made. As a dust precipitator, only a mechanical separator

is used. Ash from the boiler house is dumped in a8 landfiliing ares.

bour

The labour force of 273 is broken down as foliowst

Produotion 4
Maintenance and ermsrgency 368
AMministration 2}
Laboratory )
Stores, transport 44
Niscellaneous M

2N




Discharggs

Hindustan lever is a well-managed and w<ll=naintained
factory. Discharges are estimated to be relatively low, and

most are in liquid form, The discharpes ares

(a) Solids, Spent bentonite is sold to small soep
manuvfacturers, who boil the spent material with caustic soda and
obtain a scap of rather poor quality and a hish pi, High-quality
soap cannot be produced in this way., Therefore (Le comrpany sells
spent bentonite to emall manufacturers., Disposal of bentonite
from these activities is beycnd the control of the companys

(b) Spent catelyet. The activity of the catalyst finally
diminishes and fresh catalyst has to ve added. The spent
material is sold, 1Iis high nickel centent makes it a
valuadble product;

(c) Liquid discharzes. At eoch filterins rtage wash waters
are obtained. The same applies to vammum decdorizing., A total
of 350 t/h of water (including fleor waching) is obtained, These
offluents contain oily substances that are separated from the
waste in a special unit., 0il is re-collected snd usea for
technical purposes. The effluent, which coniains stout 17 ppm
of fat and 0.25 ppm HZSOA' is discharged into the Hocghly Pivery

(d) Oaseous discharges. There are no discharces apart
from some vented hydrogen.

Discharges into the Hooghly River do net do much harm as long
a8 they are organic wastes, as in the case of Hindustan Lever.
The rivcf always contains large amounts of water, and ‘idal
sovements from ithe nearby sea also promote cleaning.

The BOD content of the river is rather low (-4 mg’l), whereas
the microdiological contamination is very high and represents the
nain pollution problem.
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Durgapur Chemicalr Limited

Durgapur

Dargapur Chemicals (DCL) is situated about 150 km north of
Calcutta and is a government-owned factory. It was founded in
the mid-19608, though its units came jnto production in 1948
and later,

The Durgapur area was originally essentially woodland with
some agriculture. Some 15 years ago the Covernment decided to
develop the area industriclly, It now contains two steel miile,

a coke factory, a tar distillery, a fertilizer complex (phosphates,
ammonia and urea) and a chemical complex., The general cpinion is
that the area is highly polluted. The team observsd many gaseous
discharges. No pollution conirol was provided for in the

original plans,

Durgapur Chemicals comprises:

- (a) An electrolysis plant producing chlorine snd caustic :
soda. It was demigned and constructei by ¥rebs (Parie] and came
on stream in 1968;

(v) A phenol plant with chlorobenzene as an intermediate.
1t was designed and constructed by Krebs (1969)3

(¢c) A plant producing phthalic anhydride from naphthalens.
It was designed by St. Oobain and constructed by Krebs (1968)y

(d) - A pentachlorophencl plant, designed by Progil end
oconstruoted by Xrebs (1969).

The team visited all four plants.

Operations have novo.r been satisfactory. Im 4973/74,
production was 25 per ocent of design capacity; hourly preducticn
rates never exceeded 50 per cent. In the first few years reculls
were even worss, It was claimed that Xrebs did a bad job; but
Ahis is difficult to undersiari, since Xrebs is an experienced
firm and gensrally has a gocd reputation.
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Pad manasement certainly has bdeen the reason for the voor
results., Ahout half a year bLefore the team's visit, the zanager
and many engineers were dismissed and replazed by a new manaser
and a new etaff. Some of thz engineers st the tiwe of the tewn's
visit had ctarted working only a week e2rlier, 7ra cquipment
was in bad condition ani only part of it was in working crder.

Maintenance had been neglected for long perieds,

Total investment cosisz were Ks 110 million in 124F,
Pinancial loases wera raported to amount ‘o Vs 30 million cver
6-7 yearr, The lo=ses include a déypreciation of only 5 ver cen?
of equipment costs, so the figure of Fs 30 million mey be
inaccurate. Since 1972/74, ihke depreciation rute has been

10 per cant,

This low depreciation policy may be criticized. FPacause of
poor maintenance, equi:ment life has been shortencd, which mears
a high depreciation rate.’

Chlorine plant

The chlerine plant is of the merecnry type and in desicned
for a production of (i/d)s caustic coda, 30j chlorine, 27; and
hydrogen, about 0.75.

Wrine is made from ses salt, The input is €7 1/d. Zrine
preparation includes removal of sulphate by barium carborate,
of magnesium by caustio soda and of calciur by seda ash.
Precipitates are removed by a leaf filter and go to s
landfilling area.

Wone of the products from the plant is eralysed with regard
to contamination. Hydrogen is vented into *he airy plans for
ocompressing and bottling sre vague.

Chlorine car be sicred %o a smal) extent, bul no facilities
40 dottle it exist nor Bave plans ‘o set them up been made,
If such facilities existed, it would mot be necessary %o shut
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down chlorine production when difficulties in the phenol plant
arise, As it is, neither of the twoe plants can function
properly. It was recently decided to buy chlorine cylinders,

Mercury locces were regoried o te over 'C iors in £.5 years, .
which means & loss of 1 kz Vg per ton cf caustic =oda, The
Frebs guarani=e was 135 g Yz ver tcn ef caustic sodas. Vodern .
plants row have a suarantee of 40 2 per ton of pruduct and lowar,
In fact, with adced special equipmert, very lcw discharzes can
be realised (2 g kg per ton of caustic yodal, 1% was stated that
at least part of tha losres vas due to ihefv. A visit to the

plant, however, showed large amounts of spilt maccury.

There are '8 cell blocks. Fach cell is duilt in two
stager, the lowar one being the aral gam-decorrorition cell, -
Tlanzes between seversl parts of ‘he cell were in bad conditicn,
Jeints had faultv packincs from which mercury escaped, The
spilt mercury by each mercury pump indicated leakace. A plant .
in such s condition can easily have marcury losses of 1 kg/t nf ' 4 |
eaustie, Nothing is known about ke actual mercury losses in the | |
esustic soda, or in the chlurine, hydrogen and brine btleed,

Dhgmel plant
The design capacity ef the phenol plamt is 20 t/dy however, 4
the sotual maximum eutput 48 5 t/d. The plant comprises twe
poattiion units. The firct is s denzene chlorinsticn unit yielding
ssaechlorederzene, NMydrochlorie acid and ¢~ snd p=dichlorobanizane
are odtained as by-products., 1a the secend step the
penechlorobensene is decompossd by hot caustic scda (20 per cermtl,
ond sedium phenolate plus sodium chloride is fermed., As a
Wyepreduct, diphenyl exide is fermed, whioh perhaps could he seld,

The phenclate ie decempoeed by the Rydrechleric acid of the
ohlerination step. A pure Wy-product sediuvm _hleride san de
obtained and recycled to the chlerine plant,
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At present, the production ef phenol cut of benzene and
propyleme is favoured, since this is a ~heas:r way to produce
phenol ard acetone is produced as a valuable by-produei,
However, propylens was not 2vailabls in Durpapur, and therefors
the chlorobenzene process was chosen, & wel)<knosn and
tochnological.ly satisfastery process that has been used for

many years, 3everal moaifications exist,

If thie plant had teen running properly, i* could bave
showed a profit. Tt is net quite clear what kind ef aifficultiies
caused the very poor performance, it arpeared ie be due to
mechanieal failures and a lack of knowledge of technoloegy en
the part of the staff,

woohennl plant

Pemtachlorophencl (POP) and sodium salt are preduced is
this plant, PCP is used as a wood preservative, The desipn
sapacity of the plant is 3 t/d as PCP (1,000 t/a}.  Aotual
preductiion i 60 t/a,

Meaction 10 an excessive chlerinaiion cf pherol, yieldine _
PCP amd My-preduct hydrochlorie acid. “he PCP is selidified on -
8 flaking richine. The flakes centain BO per cent PCPy 18 par cent
tetrashlerephencl and 2 per ceat polymers.

e sedium salt is prepaccd by treating the erude PCP with
Mot )O per cent caustiec scda snd ceoling. PP sedium srystsllizes
and is filtered and dried, Spemt liquer is discharged.

thalie d plant

The design capacity of the phthalic acid plant s 10 174,
Maisun preducticn hae beon 250 t/menth,

Mis pleat used nephthalene an & rav materisl that io
onidised weing venadium ctxide as a catalyss. he process {9
frem 3t. Bdain. There are ne tecinelegical 1iffievltieny
the supply of naphthalene is the betileneck,
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The plant prciuces 1=2 por cent of maleic acid and
naphthoquinone, Yarketing of these products is diffieult,
Adout 0.5 $/4 of caustic moda is' used for reutralising wastes,

Dischar-es

Effluents from the pentachlorophencl unit are collected in
a pit and pumped to & tank where they are cxidised wiih r-:'.'nod
and air until the colour has disappeared. Afier neutrslization
they are dischaged to the drain, Fffluents from tne
mtachlorop‘mnol-sodium—aalt unit are treated in ie same way
after acidifieation with hydrochloric acid.

Liquid effluents of the phenol plant are trested in a

similar way with potassium permanssnate (mmd) sand are discharged
after meutralizaiion. In this way organic phenolic effluents are

minimised, dut manganese salts are discharged, All liquid
offlwents flow te the Tamla Nulle, which belongs to the Ganges
estuary system, Apart from the permanzanate treatrent, nc other
treatmeant i planned or carried out,

Jadestr
e ladeur force of 796 is brokem down as follows:
 Preduetion 400
Mintesance (mechanical) 149
Kaintenance (electrical) b )
Mintenance (instruments) 5}
Majinistration, finanoe T2
‘Laberatory 49
Civil eagineering, 30
pudlis heslih

The average age of the workers {9 )0-33 years.

—t
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About 50 per cent of the parsonnc] live in company houging.

The Covernrani ie now drafting plens for housing and cily development.

The basic wage is Hs 270 per monthy the averaze wage is
Rs 500 per month.

Health

The medical officer of the enterprise descriled the varidsus
health problems. In generai, during lhe rainy neuscn
gastrointoestinal discrders are commen, arsuad Janvarv, infections
of the respiratory tract, includiang influenza. Tuhercilosis 18
increasing, ecpecially becacse worksrs coneutt the phyaicjan o0

late., liver ditzeases, lecding 10 hepalilis, eeca common.

Preventive measures in the factory ere lacking, wnich
results in high exposure levela to different ngenis, Ever in
the remidential ares, a chronic chlorire peiscning has been
observed, Help is needed in all forms, including polliution
monitoring, education in industrial hygiene and implemer.iaiicn of
pollution control measurce in the factory.

The following oscupational healih hazards rave been
registered:

Prom expooure to chlorinet

Chronic conjunotivitis

Mminitie - nose bleeds

laryngitin

Caronic and ac:te Pronchitis
. Pronchopneuronia

Asthma

Pulmonary oedema

Chronic gasiritis

Chronic escphazedynis

Prom exposure %0 hydrochloric acids

Chrenic bronchitis
hintiis

Chemical 2urninz i ioe exim

© T

- i




Prom exposure to phenol:

Tamage to kidney, liver, pamcreas and spleen
Pulmonary cedema

%y absorption through the skin:
Veadache, dissiness, muscular wveakness, dimees
of vision, ringing in the sars, irregular
breathing, weak pulse, dyspnoea

Ry the intestinal tract '
Nansea, severs abdominal pain, erceion of lipe,
mouth, throat, cesophagus and stomach perforstien

Skins
Burns, gangrene, contaot dermatitis

rhronic poisoning:
Rxcessive salivation, diarrhoea, lese of mppetite,
headache, dissiness, mental disturbences

Prom exposure to phthalic ocompound s’
Allerey
Asthma

Wnphysera

Trritation of eyes and upper respiratery trect
Preumonia
fontact dermatitis

Prom exposure to pentachlorophencly

nurns, contact dermatitis
Atute poisoning, veaknens, conveleiens
Collapae
Namare to liver and kidney
Proa exposure to DORINe

1oukenia
Mamage to liver and kidnay

i

il
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Trom exposurs to mercury:

loss of teeth ,
Inflammation of the liver

Recommendations

Since these plants are in very bad shape, one or more experts
with long experience in chlur-alieline electrolziis and in the
production of phenol should make a tharough stuly of the plants
and bring vractices up to accepted international standards, [t
would also be highly desirable to appoint an engireer with long
expsrience in elecirolysis to manage ths plant,

If the plants are operating properly, the probdlems of
pollution can be tackled. The mercury prodlem is primarily
oaused by bad maintenance and bad management in the
electirolysis plant,
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IV. CONCLUSIONS AND RRCOMMENDATIONS

Conclusions

Overpopulation places a heavy burden on the environment, In
comparison with thie neavy burden, the poesible negzative
savironmental effects caused by polluting effluents from
industry are hardly recognizable and are possibly underestimated,

Industrialication has in most cases brought a higher stardard of
living and improved sanitation in an area. These effecis are
Mghly appreciated by the residents,

A 8 result of overpopulation, hundrcds of candidates are
available for one free work place, and indusiry therzfore
aboorbs the best elements of the population (the mos: healthy
and the most active).

Discharges from industry are generally without valus, l!luilly
material that could be used in some way is either recycled eor
uod'olmlm-. However, in some cases bded maintenance,
together with poor management, 18 respomsidle for economic
losses. Trainiag and education in maintenance is greatly
nooded {f such eccnomic lesses are to de avoided,

In seme faateries the management has not deen abdle %o preduce
aow ideas en advanced srd sedern techneologies te Vioadem
preduction programmes and st the same time to adate polluties.
nagenent in meet faotories, however, is well aware of

the proclen,
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6. In some factories the team observed high levels of pollution
that could have been avoided through proper management and

meintenance, such asi

¥ercury losses in the chlorine plant of Turgapur Chemicals
Spillage of all kinds of chemicals in the plante of
Indian Dyertuffs (in Xalyan, Bembay)
Spillage of arsenic, chromium and copper compounds at
Amcu=Hickunn in Nacpur
¥any factories are preparel to build the necessary equipment
for effiuent treatment (the space for, ms woll as some parts of,
the future ireatment plant are comeiimes present), Industry's
failure to act has often been due less to considerations of cost
than to uncertainty about the ultimate emission standards,

Only a few factories were able to produce specific costs of

-

pollution contrel.

Recomrmendations

In view of the importance of mainidnance and the evidenos thst
poor mainterance is the origin of spillase and of cor‘emination of
work places, the team supports the plan of the Minisiry of
Soience and Technolozy to organize a seminar on maintenance,
Special training programmes for foremen and managors are also
recomnended to eliminate losses in the production process and
hoalth ha}nrd- for workers in the factories,

The team observed that in well-sanaged factories emitiing e
sinimum of pollution the technical msnsgerial staff had been
trained for two years or more in factories in developed councries,
™e team therefore recommends *he establishment of a fellowshiyp
prograrme, 10 e adninistered dy the Sovernmeni, for training
groduste persconnel for at least two years in chemical factories
in developed comntries,

W
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Phyaicians specialized in ecoupational »ni industria’ health
need to be trained. Such traininz cources might be established
using the prorramme of the london School of Vyriene as a model,
Fellowships to enable phyoicians io participate in such
educational pregrammes in developed and devaloping countries

) should be encouraged.

In the trainine of werkere, attention shculd Le given ‘o

snvironmental probiena,

Maps chowing water pollution in al) reerions should be madae,

i o
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