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I. ZNIRODUCTION

This parer deals with problems associated with pollution from
fertilizer plants in Bangladesh, A comprehensive analysis of the fertilizer
indugiry vis~as=wvis existing manufacturing facilities and future develop=
ment prospects is, however, necessary to define the extent of efforts

needed for minimizirg pollution from these plants,

Bangladesh is siltuated in the tropical zone of South-Bast Asia.
Bounded by the Bay of Bengal on the South, the Indian Republic on the
West, the North and the East end Burma on the extreme South -Eest,

° ,
Bangladesh lies between the latitudes of 20 and 2’7°N and longitudes
ot 880 and 93°E. A delta in geo=physical form the country nas en

area of 55,126 -quare miles or 140,800 square kilometres. The land
is an alluvial plain except for some low hilly ranges and dease troe

pical forests, It is a land cf rivers and iributaries. The average

temperature ranges between 98 and 120°F in the swuer and between
51° and 7D°F in the winter, The annusl average rainfzll is around 80
inches and occurs mainly during the monsoon, The population of Bangladesh

is estimated at 762 million in 1974 based on projections from the last
census in 1971 growing annually a t the rate of 3 per cent., The 1974
census puts this provisionally at 71.3 million; final figures have not
been made available as yet. Eightj per cent ofthe population live
on the land and make their living from agriculture. Scme of the more

intensively farmed areas support a rural population of 1200 to 1300
persons per swuare mile, The percentage of literacy is about 21.5
ard the people dre intelligent and quick to leam.

1I. Jpduatidal Strategy.

Industni alization in Bangladesh had been a trying proposation in
partioular in the public sector where the control was effected from
the remote capital, in the westem wing of the former Pakistan, about

1500 miles evay. As a result, vital industrialization such as the



development of fertilizer industry, the importance in the national
economy of which can hamdly be exaggerated, suffered rather adversely
negating even the semblance of benefit which these were supposed to
accrue to the nation and to the people,

There can be no two opinions that industrial development in
Bangladesh depend on the adoption and implementation of a pragmatic
industrial policy capable of mobilising and properly utilising the
Tesources, notably natural gas having a recoverable reserve of
9636 million million cubic feet, available within the country. In
our efforts towards devslopment, self-reliance has been accepted as
the key-note andl basic ingtrument, While the primary facet of
indusirialization should ainm at maximi sing export promotion through
accelerating the export of Jjute goods and other labour-intensive
leuther products, the other equally important fucet of industria=-
lization should seek to acc:lerate the transfomation in agricoliure
in onder to achieve a balanced growth,

The contribution of agriculture in the gross na.dohal product ig
about 46 per cent and to the earnings of export is about 55 per

cant in Bangladesh, It is, therefore, very much essential to

formulate a policy of agriculture~hiased indusiries, Such a pelicy
will help increase not only the agriculture with the adoption of

improved wethods of cultivation uge of fertilizer angd introduce
tion of mechanised irrigation, The increase of agricultural pro-

duots is interwoven with the aveilability of fertilier for
increased crop yield to alleviatr food -hortage,

Increasing the yield POT acre is probably tne mogt important
means of developing agrioulture on sound lines in 4 region i

ours where land is limited and pre:sure of pPopulation g4 heavy,




Improving soil fertility is one of the most important pre-requisites for

increas ing yields. FPlant nutrients needed to increase the soil fertility
of our already depleted soil cannot be met only from the traditional natural
fertilizer such as cowdung and compost.Chemical fertilize.s must be made

available in large quantities to fill the gap,
I1I. Pertilizer Industry.

Commercial quantities of chemicel fertilizers were first used in
Bangladesh in 1955/56 when 11,000 tons of ammonium sulphate were sold to
farmers mostly for use on teas Some two years later in 1957/58 use of
urea and triple superphosphate was introduced in very small quantities with

consumption of 2,000 tons of urea and 1,000 tons triple superphosphate having
been recorded for that year, PFirst commercial use of potassium nutrient was

in 1960/61 when a consumption of 1,000 toms of nuriate of potash was recorded.

Whereas ammonium sulphate usage has remained relatively stable up till the
prese-nt, demand for ISP, Potas h and esprcially urea, has beam steadily
increasing since their introduction, Consumption figures for all types of
fertilizer are given in Table -I,

2o meet thece increasing requirements of chemical fertilizer, the
country through the agency of its Industrial Development Corporation establi=
shed its first mamufacturing unit at Pemchuganj in 1961 with the comstruction
of a 106,000 tons per year urea plant. In 1968 the first plant for the
production of TSP was completed at Chittagong having an annual output of
32,000 tons per year and a little later in 10«71 a larger such plant

having an annual output of 120,000 tons was completed alongside it. Als>
in 1970 the IDC completed its largest and most modern works to-date with

the construction at Ghorasal of a 340,000 ton per year urea plant based
on the latest cemtrifugal compressor technology. At the present time
" Bangladesh has five fertiliser mamufacturing uzite located at Penchuganj,
Chittagong and Ghorasal, but the operating record of these units has been

poore The urea plant at Femchuganj, which also can produce 12,000 tons per
Foe~r of amvnium sulphate since 1966 has shown the best results wita a
Teported average annual output of 878 of rated capacity over the years 1962
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until 1971, the comcencement of the war of Independence, Since being

restarted after the war, however, performance hes been poor with monthly
outputs varying between 32 and €0 per cent. Early overhaul of the entire
plant is being contemplated at a cost of about US § 8 million,

Attempts to produce TSP on a comuercial basis from the two plants
established at Chittagong have so far been unsuccessful. The first plant
campleted early in 1968 has only made trial runs using Jordanian rock and
it is reported that this plant cannot be successfully operated on this
raw mateiial, The second plant completed early in 1971 just before the
outbreak of war has never been started apparently due to lack of supplies
of Florida~grade rock phosphate for which it was designed,

The large sodern technology ammonis/ures plant at Ghorasal has
sizdlarly been a disappointment to-date, Although it satisfactorily

passed its performance tests during starteup, mechanical problems were
encountered shortly afterward and persisted untal the plant was shut
down during the war. When the plant was re-started after the war in
Mugust 1972, average output of only about 66 per cent could be achieved,
The plant can et present achieve only a maximum of 80 per cemt of its
rated capacity with breaklowns being still frequent, causing average
production rates to be much lower,

IV, Rroieqted Pertiliser Use.

It is necessary to identify food production goods to nroject
fertiliser requirements and plan production facilities, The Bangladesh
Hnmﬂn;%nduionhuublb%.ofﬂoopormpitapordqua
1mﬂomm-m*mummwmpm¢mm,um
to be achieved.! ™ Lohirerte foot protuction targets based on an
wdl&hmmmtmofuosmmbr%.zmmphm
1974Mat3poro¢tw'oxymr,todocnmtoz.smomti.n:l.?n-
78 and 10 2.6 per ot by 196883 are given in Table IT®*
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Porecasts of future oonsumpWion have ¥o take into account what develop-
ment of irrigation extension services, distribution and marketing can rea-

sonably be expected during the forecast period, and what pricing policies

the Government intemds to apply in respect of agricultural inputs and

produce, A forecest taking recent developments into account and keeping

in view the planned improvements is given in Tablo-III‘. These fore-

ocasts are based upon experiences in other countries with similar conditions.
inother forcoast® which takes into account only the requirements of ferii-
lizer, enabling attainment of sufficiency a t a food requirement of 16 ozs.
per capita per day by 1978',?1ven in Table IV in nutrient terms. The pru-

jeoted product needs for food grains and major orops are given in Table-V,
The availability of fertilizmr from local production has to be viewed in
the light of these requirements,

V. Bartilizer Producticn.

The fertiliger producticn in Bangladesh is now limited to manufac~
turing urea at the Fenchuganj and Ghorasal amuonia~urea complex and some
amoniun sulphate at the Fenchuganj unit, Triple superphosphate production
is expected to commence sémstime later this year, From experience, a
general appraisal of problems associated with the operational oconditions,

design deficiencies, general equipment absoclescence, general unaveilability

of spare parts and poor invemtory oontrol insdequacy of gensral support
facilities rx and lack of treined manpover and being acquainged with the
mechanical conditions at the production units, an estimate has been mad®
of the performance and operating rates to be anticipated from the existing
units, ZThe performance of Menchuganj would decline from the present 57 per
cent to 47 per cant unless a major and expanstve overhaul costing well-over

$ 8 millioh is carried out which would restore the operating rate to 80-85
per cent of capacity alloving the plant to operate at 80 per cent with a

ainimun of strain on equipment and would extend the life of the plant by
hall
5 to 10 years bhrualplnt?bohapod.ticntohpmoita”rfoa-

manoce from the current 60 te 70 per cent to a sustained produstion at
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80 per cent of the rated capacity provided, as alreaiy indicated, major
modification and improvements are effeci-d. The phosphatic fertilizer

manufacturing units will be in a position to achieve an average perforw
mance of 56 to 74 per cent of the rated capacity,

VI. Mture Progromnme.

The gap. “etween current production levels and needs ns Comp=
n.owntg

ared to projected producti ns from e:dsting{i’ndicnte that adutional local
manufacturing facilities shall have to be set up, though this is
conditioned by such factors as availability of raw material from indi-

genous sources vis-a-vis import recuirements and resource constraints,
large deposits of natural gas (Teble <VI) suggest setting up of more
nitrogenous fertilizer plants, while foreign trade talances recommend

at least cne more phosphatic merufacturing Cecililye it

for two new nitro;enous fertilizer plants, one at Ashugenj 23 part of

a Petrochemical Counlex, and one at Shatnel for initial sxport to India,
to be absorbed loc.lly as demands grow, More export oriented urea plants
may also come up to improve balance of payments position since the gas i:
there, One more phosphatic fertilizer plant, preferably di-amionium
phosphate, is expected to be set up following detailed studies now under
way. Any environmental study of the Bangladesh fertilizer plants hag

account

therefore, to take into/the five existing facility, so that the adverse
effects of polluticn as had been manifest in these plants could be

xinisd sed,

VIi._ Pedlution Hasands.

Wen though the call for o reduction of pollutents in vaste
vater discharges by regulatory agencies and the public has led nany

industries to employ water reuse and reclamation techniques in the
developed countries, and te sems extent in Some developing countries
as well, such ecological treatmenmt has not at all been Practised, umtil

recently, in Bangladesh.




TABLE VI 3 Quantity and Anely=is of Natural Gas in Bangladesh

Figures in million million

Rashddpur | Keilas Tila § Titas § Habi- | Hari-| Chhatak | Bakhrabed
ganj §pur |
estimate
PTOb&bl‘ 0018 0.15 0.% 0019 - - 30'm
Possible 0.41 0,07 040 0,09 - - -

Quantity(mdllion million) ctt,

Composition (Vol %)

Wthano 9.2 95,7 T2 988 %54 W05 9.2
Fthano 1.2 2.6 1.8 1.5 2.6 05 144
Propane 02 0.9 0.5 - 0.30 - 0.8
gle’;gg; ggg 0l Cub 0e2 - v - 0.3
drocarbon

Nitrogem 043 0.8 0.3 047 0.7 0,67 0Ou
Carbon

acnexide - - - - - - 1.6
Carbon

Dloxide - 0.2 - - OkB 004 046
m - - - - - - -
Calorific 014 10% 0» 080 058 107 DR
value

@taont)




The primary reason for this is that more attention was rightly given towards
sustaining a reascnable operating efiiciency to 2rovide the much needed
fertilizer to the economy, There had been only one nitrogcnous fertilizer
plant av Fenchuganj which went into operation in 1942 until the Choras:l

plent went into operation in 1972. The effects of effluents on surroun=-
ding crops and fishes, whenever resorted, were minimized by diluting the

effluents through addition of huge volumes of fresh water to the harmful
effluents,

The other, and perhaps more pronounced, reason v.s the absence
of any knowledge of the pollution hazards associated with effluent
disposal from fertilizer plants, Much of the pollution load is associated

with the suspended solids ccntained by the waste stream, and may be remvved
by clarification with or without chemical treatment, Soluble or cnic v-.stes

generz2lly cannot be treated suffici ently by clarification and chemical
precipitation alone, but they are oftem amenable to tre.tment Yy microe

organisms, Provesses involving the use of bacteria and other miorches
for the stabilization of wastes are called biological oxidation treatment
and are sometimes referred to as secondary trcatment steps, The most
popular treatment methods are the acrobic systems which require s supply
of oxygen for the bacterie so they may consume food forganics) to produce
carbon digxide, water, energy and new cells, In these systemsma much

of the carbon is oxidized to carbon dioxide and the nitrogen and sulphur

to nitrates and sulphates, The solids which accummlate are settled out
in a clarifier and cansist fa the most part, of the bacterial calls
produced by synthesis. 4 variety of organic materials escpenially those
vhioh exhibit bio~chemical oxygen demand may be decomposed or stabilized
with respect to biological degradation by microbial processes, that

is by microflora and fauna. In contrast, inett products are not bholo=
gically degradable so diaposal of such materials ordinarily becomes a

solidsevaste problem insbeed of a vaste stabilization problem,
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Amnonia and its salts are of interest in vater=pollution and water
quality studies because azmonium compeunds are generally detrimental
or lethal if more than 2.5 ppm of aruonia are present because more than
1 ppm of amionia in natural waters usually points to organie pollution,

and because many of the lower plants and bacteria that are involved in

the food chains upon which fishes depend can utilize amronia as a source

of nitrogen. The toxicity of amionium compounds depends chiefly upan
the amount of ammonia 7 .. available but also upon tne alkalinity of the

water carrying the amionium salt. Although detrimental effects may be
expected if 2.5 ppm or more ammonia are presemt in the vater many fishes,

particularly carp buffalo and some sunfishes can tolerate from 3t010

ppm of ammonia.

The toxicity of amonia and ammonium saits to aquatic animals is
directly relatcd to the amount of undissociated amnonium hydroxide in
the solution which in turm is a function of PH, Thus a high concen-
tration of ammonium ions in water at a low FH may not be toxic but
if the FH is raieed toxicity will probably incresse, The toxicity of a
given concentration of amonium compounds towards fish increases by 200
per cent or more between FH 7.4 and 8.0,

The presence of carbon dioxide upte comcemtrations in the range of

15 to 60 mg/1 appears to reduce the toxicity of ammonia presumably by
lowering the FH valus. In as muich as carbon dioxide is excreted by the
fish, the PH value at the gill surface will be lower than in the bulk
of ;ho solution, thereby reducing the proportion of un-ifmized ammonia
at the gll1,

The toxicity of ammonia to fish is increesed markedly at low pem~

sions of dissolved oxygem. The concentrationof excreted carbon dioxide
at the gill carbon dioxide is also reduced and the PH valus of the water

in contact vith the glll surface rises, lesding to an incress ed toxicity

o an amnonia solution, This mechanism explains the increared toxicity




of ammonia at lov oxygen tensions.

The following concentration of ammonia

have been reporied to be toxic or lethal to fish in the time specifieds

v

Oe3=044
0.3=1.0

046 (un-ionized)
0.7

140-2.0

1.2

2,0

2.,0=2:5

2.5

2,07

2.9

341 (soft vater, 30°C)

34 (soft vater, 20°0)

50

5.7 (distilled waters
20°)

7-8

13

171

23.7(bard wter,30 0)

24 o4(bard water,20°0)

757

Zine of expooure Zyoe of Lish
- trout fry
- fish
100-200 minuites rainllow trout
290 mirmtes reinbow trout
- xx fish
193 minutes squalius cephalus
- fish
1~y days goldfish
1= days goldfish
- fish
13 hours Cichla ocellaris
96 = hour bluegill, sunfish
96 = hour bluegill sunfish
- rainbow trout
6 hours ximnows
1 hour sanfish
- fish
1 hour sirnove
96=hour TIM bluegill, suntish
96~ hour Tia bluegill, sunfish

less than 4 minutes
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With respect to other aquatic life, the following results have been
reported by the Academy of Natural Sciences of Philadefiphia as quoted in
Water Quality Criteria published by the California State Water Quality

Control Boa ni

ot £ f ' Conbent
Srganism ™ o Type o W Sonk ofra-
- as N in
produ -
cing noted
sffect
Physa heterostropha 96=hour Soft 2 90 (a)
(snadl) hard 20 133.%a)
hard 30 133.9(a)
Nivicula semimulum soft 22 420(b)
(diatom) hard 22 420(p)
s oft a8 320(p)
hard 28 420(b)
soft 0 410(b)
i hard 30 350(»)
(a) 9%6=hour TIa

(b) 50=per cent reduction in division (growth)
Algae, which thrive on high nitrate concentratiom, appsar to be harmed or
inhibited when the nitrogen im in the form of ammonia. The envirarmental
situation of the fertilizer plants in Bangladesh may be evaluated in
this ecological backdrop,
VIII. Roriceentel situaiicg.
The evironmental situation of the Penchuganj Pertiliser plamt is not

concerningly relevant as that of the Ghorasal plamt since it is located
in an isolated place, amd,after twelve years of operation it may be

expected to have adopted adesquate measures to minimise the effects of
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effluent on fish,the prime indigenous source of protein for most of
the population in Banglkadesh. This discussion is, therefore, limited

to the nitrogenous fertilizer plant at Ghorasal, the phosphate plants
are yet to go into operation to allow any evaluation of their effluents,
The Ghorssal fertilizer plant is located on the bank of river

Sitalakhya ebout twenty-eight miles from the capital Dacca., Upstream

there are two miles on the same bank, ome jute mills adjacent to it,
and one sugar mills, while downstream there are two thermal power station

one the 132 HW Ghorasal Power plant, adjacent to,and the other the 90
M Siddhirganj Power Station, about 30 miles from the factory, and a

good number of jute mills on either side of the bank, Effluent

disposal from this factory is a great protlem as it contains amuonia,
vhich, besides being toxic to aquatic animidds, will be harmful to
heat exchangers of the two power plants, particularly the one adja=

cent to it.

The obvicus pollution hazards from the factory are the catalysts
supporting the pmceu’the chemicals used to treat the various kinds
of water used in the factory, ald the ammonia which is an intermediate
production in the production of fertilizer, Arsemic used in the carbon
dioxide absorption appears the most dangercus of the catalysts.

The factory uses four kinds of water whioh it makes from river

vater, Raw water from the river is fed into a settling tank whence,
after settling heavier impurities , water is made to flow into clari=-

fled unit for treatment where alum, chlorine and soda ash are injected.
T™is treated water is used for direct cooling purpoces. The clarified

treated water is filtered by passing through the filterbeds conta.ning
sand and anthracite, This fillered water is used as codling water make-
up in heat exchangers and orgafilm and chlorine are injected in the

ciroulating cooling water, The treated and filtered water is further
treated in cation and an~-ion exohange resin beds and decarbamator,




This pure water after deaeration is fed into the boilers after hydrazine

has been added., Phosphate is injected in the boilers. This pure water
is used for 13 x,‘/ng stean gensration Pure water and condensate from

stean turbine is further trested in mixed bed, both cation and

aD=ion exchange resing. This polished water is deaerated and fed into
the boiler after adding hydrazines phosphate is inject«d into the boi=-
ler. The polished water is used to gemerate 100 anl steam.

Production of each of these four kinds of water produces
wastes which may pollute riverwaters. Waste from the production

of ‘treated' and oooling water are merely concentrated mud from
the river with addition of soms alum and are not lilksly to be

hasardous to a river as the Sitalakhya. In the production of
Spure! and 'polished! water, the chemicals used tc regeunerate

the ism exchange resins can be a basard to streams, The principel
one o thess chemicals is sulpburic acid which can ), Very harmfl
if discharged in larger amounts without neutralisation, Hydrazine

used in the boilers and "orgafilm-used in the cooling water could also
be hasardous if discharged to the river., Orgafila is a combination

of potassium chromate and a glassy phosphate, PFour hundred tons of
ocooling water are added to the cooling tower hourly, Most of this
ovaporates, leaving the natural galts and haniness in the water
behind, These salts will build up to high omcentration if part

of the oooling water is not emptyied out periodically. Mmptying
several thouse~od tons of water containing potassium chromate (and
oocasinally ohlorine) into the river could be hasardous to aquatic
animals,

IX. Minixiziag Follutic.

However the principal water pollution from this factory is
from ammonia in the efflumnt disposed into the river, Apert from this

uresa dust and purged ammonia gas pollutes the environment as well.
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8ince, howefer, the effect of water pollutiun is more proncunced primarily
because of the possible effect it may have on the downstream plants, the
basis for design for vwater effluent to the river has becen set as under 1

Hi 600 - 900

Colour clear

0il 50 ppm maximum

Argenic Oel ppm

st 062

Biological 20 ppm max, (Biological demand 2°% 5 days)
Oxygen Demand

(BOD)

Total sus

ded solids : 30 ppm mexcimum

To.al dissols
ved solid 1000 ppm meximum,

Amnonia 1 20 ppa (as ¥) maxhmn,
Temperature 1 35°c maximm,
Odour 3 Free.

The average monthly effluent water analysis over the last one year
is given in Table VII, It would be seen that the effluent going into the

river contains very high proportion of ammonia, The reasan for themwe
large ammonia discharges is regular drainage of cooling water with high

amnonia concentration from ammonia and recycle solution plunger pumps,

These walers contain aumonia as high as 18,000 and 58,500 ppm respectively,
Total volume of water is about 35 tons per hour and it has been found in
laboratory tests that if this water is boiled at 105°c in open eir for

about three hours amuwonia content is reduced to about 240 ppm. Similar

leakage of amuonia occurs from the glands of slurry, circulatiochs,
booster and absorbent pumps and suction and purge line of recycle

solution pump carried by washing water due to valwe leakage, with
ammonia concentrations varying from 43 to 3640 ppme These leakages from

the pump glands and purge lines can be reduced to a minimum if the
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over-flowing liquid from the vacuum pit could be so treated as would
decompose carbamate and properly separate the gas coming from the
reaction by meintaining optimum conversion in reactors and naintai-
ning proper temperature is high pressute and low pressure decamposer
and gas separator,

These operational remdisl measures apart, additional

measures are being taken to minimize pollutiun from the fertilizer
plant, These include canstruction of cne sump touk with a handling

capacity of 60 tons per hour with a centrifugal pump where all the
effluent is to be diverted fwmw proper dilution before discharge.
Purther one evajorator is to be installed with steam jacket and
a level controller to evaporate am:onie from the effluent under
reduced pressure. The effluent after evaporacion is to be sent to
a lagoon vhich is to be made outside the factory battery limit.

Simultaneously, bio-assay are to be run rontinely to establish
the water pollution hazard of the factory, Arrangements are to be
made to run a measured amount of factory efiluent through the test
tanks continmuously with diluent water, which may be river watem
taken from the river pump discharge, or treated water. The propor-
tion of diluent water could be increased a decreased depending on
the quality of effluent.

Besides, amnonia in the effluent is proposed to be removed
and recovered by ion=exchange adopting a process developed at the
natural gas-based urea plant at Namrup in India, where ammonia:
oontent in the effluent averaged about 1000 ppm creating a major
pollution problem, In the process, which involves trestmemt with
sulphuric acid using a cat-ion exchange resin, the effluent will be
oollected in a storeze tank from which it will be pumped through two
cat-ion exchange#s working in series, The ammonia absorbed in the

first exchanger will be recovered as ammnoniun sulphate by regenerstion
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with sulphuric acid in the form of 13 to 15 per cent amionium sulphate

solution containing about 1 to 2 per cent sulphuric acid, The effluent
after thie treatment will contain negligitle amount of amonia which
can be easily disposed off. This recuvery may also represent substane
tial credit to the overall cost of water ard waste handling,

X. Conclugions.

Much of the polluticn effects from nitrozenous fertilizer
plant in Bangladdsh relate to operational failures and improper maine

tenance and hence can be greatly reduced if adequate corrective measures
are taken, Preveniive maintenance measures will greatly help in elimi-

nating leaka,es and overflows frcm paap glands, pits. Water reuse, either
with or without chemical and biclogical treatment should be practiced
whenever possible, The possible savings in vaste trcatment should be
Investigated. While today's sewer costs may be low, growing governmental
regulations will meke waste treatment randatory, It is also reulistdie
%o design waste disposal and treatment facilities to meot future regue~
latory stendards one to five years hence, as they will undoubtedly bew
come stringent, The basis of bio=chemical oxysen demand, nitrogen,
phosphate and suspended solids levels in addition to the volume of

wvaste weter will¥ be the main criteria for consideration in future. The
Process flowsheets should be reviewed to deterrine where and how these
levels can be built most economically, The most important thing, how=
ever, is that significant savings can potentially be achieved while

lovering the cost of water in waste water treatment in the process
industries.

The problem of pollution will never be any greater than it is
at the present time. 7The perceptive plant engineer should anticipate
the needs of the future and take steps to correct tae important pollue

tim problem than to handle it in a less eccnomic way sometime in the
near future. When considering the design of new plants, the waste




vater and vate  reuse processer as well as waste-recofery should be

ooansidered as part of the entire plant schems to xinimize, primarily,

pollution hasards and any future capital operating costs . This is

of partioular significance for Bangladesh

in view of the planned and

potential fertiliszer production facilities,
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