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INTRODUCTION

The international community has been concerned in recent years
about the mounting environmental pollution., Following the United
Nations Conference on the Human Environment held at Stockholm in
1972, the General Assembly of the United Nations esiablizrhed the
United Nations Environmental Programme (UNEP). A collaborative werk
programme has been developed by UNEP and UNIDO, of which ihis casns
study forms a component. Miss J. van Zuilicham (economist),

Messrs. M. Ceerling (chemist) and 3. Kratel (ecologist) were engaged
by UNIDO to undertake this case study.

m 9 June 1974, the group visited Ankara, Turkey to siudy the
eoffects of industrial pollution on tha envircnment in two of the
sountry's most heavily industrialized arsas: Ismit and Bandirua.

In the oourse of the visit, which lasted some 13 days, the group

" held discussions withs P. Laming (Senior UNIDO Field Adviser in
Turkey); S. Heppling (UNLP Resident Representative); Mustafa Bilginer
(Ministry of Foreign Affairs); J. Onsan (State Planning Office);

Mhim Osturk (Ministry of Agrioulture); Dr. Kengel (Ministry of
Health); M. Mirabaglu, A. Musssinoglu and U, Oysal (Tubitak
Institute); and Professor Kor of the lUniversity of Istanbul.

Urit Coskuner, Director of Research and Development, SEKA-Ismit,

joined the UNIDO group in Ankara as adviser and interpreter and made

a 30lid contribution to its work,

The municipal and regional authorities in both Ismit and Bandirma
were extremely helpful in providing information regarding factories
to be visited in their areas and in introducing the group to the
sppropriate managerial personnsl. The factories in turn reacily
provided the data (mainly technological) requested of them. In the
oourse of their discussions with the managements of individual
factories, however, the group found that in many cases the managerial
personnel ware little aware of the negative effect that pcllutiion
from their conoerns was having on the locel environment. A visit to
the Oceanographic Institute of Istanbul proved fruitless, but the
Yational Fishing Research Institute provided some very valuable
information.
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The group found that Ismit Bay is being seriously polluted
by effluents from local industries (particularly the puvlp and psper
mill at Seka) and that much of its marine 1ife has alreaiy teen
destroyed. In the Bandirma area, the pollution being discharged
into the atmosphers by heavy industry is seriocusly affeciing
crop yields.
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Chapter I. ANTI-POLLUTION LEGISLATION IN TURKEY

At present, Turkey has only one law on pollution control and
general hygiene, and amendments to it are still beins ccasiderad
in parliament. There does exist, however, a regulation which
requires factories or other institutions to close down should they

be causing harm to the environment.

A law on the protection and proper utilization of waters is
currently being drafted. After certain regulations concerning
water standards have been worked out, factories will be given two
years to ooms into line with them. A factory failing to comply
with the regulations, may be fined 5,000 Turkish lire (LT) or
foroed to close down. inder this law, aleo, municipalicies vill be
required to install sewersgesysiems within five years. 1n addition,
an inter-ministerial resolution on the protection of ooastal sones
has been put into offect. A clean-air law is being prepared end
efforts being made to save heating fuel will Y.elp to decrease air
pollution. However, for part of the Sea of Marmara these measures
are too late: the waters of Ismit Bay are already dead.

Turkey's third Five-Year Plan features a land use policy;
multi-functional land use plans are being prepared for urban centres
and their surroundings. City plans are also taking into considerction
urban expansion areas, agriocultural areas, industrial location,
reoreation sites, protection of the natursl environment, and
environmental pollution.

local governments invite small indusiries into their districts
for tax purposes. At the moment there are two organized industrial
sites, at Manisa and Bursa, and seven others are under construotion,
Small industiries at these industrial sites are provided with
infrastruoture and low rents. Better management of the environment
oould result from such planning, but up till now, the Covernmsnt ‘as
not offered the industries any assistance in installing anti-

pollution equipment.

1/13.86 Turkish lire (LT) = $US1,00 (middle rate, Jsauary 1975)




-4 -

A nevly oreated commiitee, consisting of 63 local rayors,
is planning to sei up pollution monitoring stations arouni the
Sea of Marmara. The Tubitak Research Institute (a 3iate
controlled orgunizailion that deals with industrial ani ersineering
problems), private and State industries and various cities are

represented on this committee.

A plan has been worked out to set up a i‘reatmsnt plant in the
Iamit area which wouid absordb the solid waste c¢f the city and
control indusirial pollution. Each industry must undertaks tha
first stage of cleaning. According to ths plan, indusiries may
take anti-pollution measurer on their cwn, uze the treatment
plant, or pay a fine of LT5,000 per day. The total cost of the
plant will be LT1 billion. Sweco is making the feasibility study,

The Tibitak Instituie

The aim of the Tibitak Institute is 1.6 assist indusiry by
adapting existing technologies and developing new ones. The
Institute is financed by ths Government (and by industry for
specific programmss). UNIDO recsntly provided it with 2600, 000
(including $300,000 for inatrumsnts) for e programme of ressarch 4 -,

on consiruction materials,

In Ankara, TUbitak only has a seotion dealing with air
pollution; a water pollution section will be added later. Other
sections, dealing with electronics, construciion materials ressarch,
food products and operational ressarch are now functioning. Within
the next three years, jroupl dealing with life science and
ervironmental problems will bs operational,

Tubitak carried out an air pollution study in Arnkara on behalf
of NATO in 1970-1972. Ankara ie situated in an encloeed valley and
prevailing winds are from the West. Air pollution is severe in
winter time due to the uss of lignite-type coal in often primitive
household ovens; the contribution of industry is less. An SO2
monitoring system comprising of 13 stations has besn srescted. The
design is not vory modsrn, but good results have been obtained.
Concentrations of SO, as high as 2,000 ln‘/-3 have been reported.
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A chemical industiries group has just begun activities; an
investigation of pemticides in food produnte is vnder way, This
group will also start an investigation on bovren preducis as abon
as the facilities are ready. 1In 1974, some 30,000 were available
for these investigations. Within a year or tho, vilet plant
investigations on boron technology will start. The impeius for
these investigations is provided by the heavy spiliages and
discharges of Loron by ihe Randirma boron indusiry. Fach year,
waster containing as wuch as 7,000 tons of 3203 are dischargad
into the Sea of Marmara.

Rasit Tolca, head of the chemical technoloyy aseciion, desciibed
the heavy losses and discharges of mercury by the chiorire-alkalj
industries. He thocught that the relatively low price of mercury
wae one of the reasons for the lack of concern at some factories
with regard to mercury discharges. Turkey is a large producer
of mercury. .

TMfbitak's future programme includee: processing waste rvrites-
cinders from sulphuric acid production, and govoloping insecticides
other than DDT for application to tobacco, fruit and other
agricultural products,

Tubi tak has started imporiant activities in Cebss near Ismit
at the Marmara Sea. A large instiiute is planned and under
oonstruction. Sections dealing with electronics, construction
materials, food products and operation research are on stream.
Within one to three years groups dealing with 1ife science and
environmental problems will be operational.

Tbitak has made a highly promising start toward becoming an
institute that will provide much-needed assistance to Turkish
‘H‘“’tn .
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Chapter I1I. PHYSICAL GECGRAPHY OF THE FARMARA

/
AND IZMIT REGIONSZ

The areas of special concern to the study group were: the
Sea of Marmara, the Oolder Horn, ths Bosporvs and Izmit Bay.

Clirate
——C

The climate of these arems is derived from iho Aegean wpnd
Mediterranean regions whan the southerly (lcdos) wing is blowing,
or from the Elack Sea when ihe northerly to northeasterly winds

are blowing. It is characterized by hot sumners and mila winters.

The winds from the north are known as Fiesias; wonde and they
result fro.  permanent low precuvre area over tie warm o Lot
Red Sua and & relativaly high pressure arec cver tha contireni to
the rnorthwest, These dry winds are particularly pronounced in July
and hugust when they blow about 80 per cent of the time. Occesional
southerly winds bring warmer, more humid weather to the area and,
when they are sufficiently strong, storm waves surge to the Murmara
ooastline and entrance to the Bosporus., These winds are particularly

pronounced in winter,

Most coastial areas experience a diurnal variation in wind
direotion because of the une:ual rate of heating and cooling of
land and sea. Sea breezes typically blow from a litile before noon
to about sunset, while land breeszes begin during the evening and
oontinue throughout the night.

A diurnal wind is an important consideration in marine disposal
of wastes eince it can mcve material floating on the sea surface
shoreward during that part of the day when mazimum rocreational ume
is made of the water.

Water bodies

The Blaock Sea has beocme inoreasingly isolated from the
Mediterranean Sea since late Tertiary time. There hasc also been a
goneral decrease in salinity of the Sea's upper layer. Short-term
variatione have been caused by repeated openings and closings of
the connection with the Nediterranean and by the advances and reireatc
of continental ice sheets during the Pleistocene period.

2/Huch of the material of this chapter has been adapted from the work
~ of Professor Kor of the University of Istanbul,
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During the interglacial (high sea level) siage separating the
Riss and Wurm glacial epochs, there was a connexion beiween the
Sea of Marmara and the Flack Sea (through the down faulied graben
of Izmit Bay, Spanka lake and Adapazari). During the Wurm
glaciation of YNerthern Surope, the Rcsporus was a meandering
valley which drained the area tributary to the fGolden Horn end
discharged into the Rlack Sea at a much lower level than ‘hat of the
present sea, The present connexion betwcen the kogporus and the
Sea of Marmara is associated with recent changes in sea level and
local warping of the earth's surface, The sil! or submarine tank
which lies between Istanbul and Uskudar at an spproxinmate depth
of 32 meires is an imvoriant physical foeature that deternires

prevent circulation end salini: Gu.

The Bosporus

The Bosporus is a meandering siraii about 31 kilometres long.
The average depth is 35 metres. The bottom is characterized by
potholes some of which have depths of up to 110 metres. A cill at
32 metres is located about two kilomeires from the southerly
entranoce. There is a two-layer current system in which the upper
layer of brackish Black Sea water flows eouth and the lower layer
of saline Nediterranean water flows no:'th.

The eoutherly flow of surface water from the Black Sea is
cauesd by the deoline in surface elevation between the north and
south ends of the Bospopue (average decline of about 6 centimetres
over this distance),

Variations in sea lsvel are caused by tides, winds and clanges
in outflow from the Black Sea. For the Bosporus, there is &
semidiurnal tide w#ith a range of from 2 to about 10 centimeires
and with a large diurnal inequality. The lunar fortnightly <*ide
has an eotimated range of about 5 to 20 oentimetres. These tides
are often odscured by wind eet-up or etorm tides.




The Goliden Horn

The Colden lorn, so named in antiquity because of its shape,
is an estuary into which Alibey and Kagithane creeks diccharge an
average of 100 x 1()6 mz/year. The Colden Horr is approximately
7 kilometres long, with a surface srea of about 2.5 x 1'3'5 squers
metres. ITepths decrease from about 40 motres at the mouth tc
1 metre at the upper end. The average width is approximately

370 metres.

The two-layer systiem of the Bosporus ex‘ends into tiae Golden
Horn. ©Salinity data shows that the boundary baiween the tio

layers cccurrad ai a depth of soms 25 metres.

There is general local agreement, althourh available dats is
not sufficient for quentitative studies, that the Colden Forn is
being filled with s8ilt at an alarming rate, Comparisons of
bathymetric cross-sections of the lower portion with a geologic
section support this impression, In particular, the accumulation
‘of bricks and other municipal fill which presumably began with the
founding of Istanbul in 325 AD has reduced the width of the upper
Golden Horn by some 400 metres.

The northeastern Sea of Varmara

The Sea of Marmura, togeiher with the Bosporus and the
Dardunelles, can be considered as a strait connecting the Asgean
and Black Seas. There is a very stable two-layer system in which
- Mediterranean water flows toward the north, and Black Sea surface
waters flow south, Surface currents are modified by winds and
Coriolis force. Deep circulation shows the effects of Corioiis

force,

The total travel distance from the Biack Sea to the Aegean Sea

is approximately 300 kilometres of whkich about 30 kilometres are
oocupied by the Bosporus and Dardanelles,

The characteristic bending of isopleths to the west alcng the
northern ccast indicates the movement of Black Sea water in that
direction. In summer, this movement may be strengthenesi by the
ocounter~-clookwise circulation implied dy the density distritution.



- 10 =

An intermediate temperaturse maximum of {rom 15.2 to 15.4
degrees C is found in ihe lower (Mediterranean, Jayer. There
appears to be an annual variation of the depin to 15 degress C,
which varies from about 100 metres in summer o as much as 2CC
meires in early spring. The nature of this variation is
probvavly rzlatel to the annuai cycle of outflow of Black Tez
water in the surface layer, which in turn affects the head of
the lower water layer in the Bosporus and lTardanelles. Alternatively,
the variation may imply that iediterranean water movas through the
Sea of Marmara to that scction during an integral number of years

(one or two for exampie).

Assume that estimated flow of Maditerranean water threcvsh
the Bosporus of abcut 200 knB/year aisplaces 3 layar beiwecen 15
metres depth (the lower limit of Black Sea welar) ornd 150 metres
depth (the average depth to 15 cegrees C telow the intermeliate
temperature maximum). The ares of thz Sea of Narmara at 100 metres
depth is esiimated at 10,000 square kilcmetres., The displacement
volume is thus 0,135 kilometres x 10,000 square xilometres :- 1,35C

cubic kilometres, which equals approximately seven years' flow.

These calculaticns for flows in the Posporus and Dardanelles
indicate that about half the Nediterranean water which enters
through the lardanelles is enirained in the surface lavers of the
Jea of Marmara and returned directly to the Aegcan Sea. The average
residence time of ihe entrained water in the Sea of Marnara is
accordingly less than that which goes on the Bosporus., This time
is independeut of the time for the water which flows on to the
Black Sea, or the maximum seven-year value, The importance of a
travel time measured in years is that it accounts for the reduced
values of dissolved oxygen in the lower layers of the Sea c¢f Yarmara

and the Bosporus,

Shoreward and easterly componenis found in surface current
directions indicate a large clockwise eddy inshors from the main
flow to the Bosporus along the northern Sea of Marmara ccastline,
Floating materials discharged offshore would consequently tend to ,
be carried toward the shoreline. During periods of southerly winds,

additional shoreward movement of surface waters will oceur. .
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A shallow shelf erxtends from about 0.5 Lo 5 kilcmetres from
shore at 20 toc 3C metres depth, ani a deeper chelf begins at
about 3.5 and runs to 10 kilomeires from shcre at about 1C0 motres
depth. The Zastern larmara ZJasin has a maximum depth of about
1,200 metres. Xaximuwa slopez jusi helcw the shallow and deep
shelf breaks are about 120 m/kilomeire ond 3C0 m/kilometre

(7 degrees and 16 degrees) respectively.

Izmit Bay

Izmit Bay, about 45 kilomeires east of ths Sea of Marrmare,
is divided into western, cerntral and eastern ,urtions, The heitem
of the western portion siones upward easterly from the 10n
coatour which bounds the lcstern Fermara Basin, Continving in an
ensterly direction, a still exists at a depth of appreximatlely

55 meires. The central portion deepens to about 180 metires.

The eastern portion of Izmit Bay is of épecial interest, It
is small in area and relatively shallow, with depths of 30 and 40
metres at the centre. OSecwage and industrial wastes from the city
of Izmit are dumped inic this part of the Bay.

Temit Bay occupies a 45 kilometre fault-graben which extends
from the northeastern Sca of Marmare. Its hydrography is estahlished
by_the two-layer system of Black Sea and Mediterrancan waters in
the tea of Marmara. The major cireams entering the Bay are from
the east and lie within the same graben.

The two layers are separated by an essentially horizontal
transition or mixed laver which, in September 1973 increased from
about 5 meires thickneas at the enirance to 14 metres at the upper
end, showing greater mixing in the shallower areas. In February
1973, the upper and transition layers were both about 20 metires
thick, indicating uniform vertical mixing rates throughout the Bay
and adjacent Sea of MNarmara, possibly associaited with winter siorms.
S8alinities corresponded with those of the Sea cf Marmara. The
upper layer has concentrations of 22 to 23 per cent and ‘he lower
layer contains concentrations of as much as 33.5 per cent.
Currents move to the west (velocities not known).
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Cxyagen concentrations vary from about 7 mg/litre in summer
and 10 mg/litre in vinter at the surfzoce to about 2 mg/litre in
the deepest arecs. ‘the last value is about half that for
similar depths in ihe Zosporus because of long:r residence iinme
in the basin and possibly greaier benthic oxygen demand in

Izmit BRay.

Izmit Bay, which is develcping as the most dense industry
centre of 'lurkey, is bpeing polluvled at an increasing rate Gty
domestic waste water, bilge water and sreasy wasles from shipe,
industrial gaseous wastes and particle pollutenis, eroded carih
and organic pollutants inircdoced by streams. Thssz pollutsats
have pronounced detrimenial effects on the enviroanenielr healib
and marine life. A greail water mass, zoas 19 i in length and with
a surface area of 50 kmq, situated at thez east of ihe Degirsmenders-
Yarimeca line has beccms a dangerove medi-m foi egea Yife 2nd the ¢r-res

bording it are quitc unsuitavle for oamping and rocrcation purposes.

There i8 a possibility of future waste discharge to deep
water in the central portion of Izmit Bay. OCxygen levels are
depressed in these areas from natural causes. The larger volume
of water here may permit assimilation of some wasies and movement
of water from the cenirel portion of the Bay may permit discharge
of wastes to these areas.

’

Physical oceanogravhy

The current system in the Bosporus is generally a two-layer
one. Mediterranean water increases in density because of the
excess of evaporation over precipitation during its circulation
from the Strait of Gibraltar along the African and levantine Jcastis
to the Aegean Sea., Here, the heavier, highly saline water seeks
its own level and flows northerly through the Derdanelles, ihe Sea
of Marmara and the Bosporus. Southward flowing brackish surface
waters carry runoff from tributaries to the Black Sea drainage zreas,
the most notable of which are the Danube and Dneiper Rivers, of
840,000 and 502,000 square kilomeires with average flows of 6,2C0 '
and 1,700 m3/second respectively. The outflow from the Black Sea
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also includes the excess of precipitation over evaporzticr from
the sea itself., The salt cuntent of the cutflow is obtained by
vertical mixing within the Rlack 3Jea with the Iosporus under-

current inflow.

Individual series ot cross-—seciional measuremenis end moathly
average data indicate that flows in either diraction vary tetween

approximately 3,0C0 and 130,000 m3,/second.

Chemical oceancsraphy

Some unpublished phosphate-phosphorus dats on ihe Joasperus
have been obtaired by the Murkey Navy Hydrcgruphis Office, A
total of 97 samples were ccllecied on 24 and 25 Merch 193% froa
throughout the water column and alonz the entirc lengih of ihae
Bosporus. Although there was a large amount of scatter, median
values of phosphate-phosphorus were 20 mg/litre at the surface,
15 mg/litre in the boundary layer, and 24 mg/litre at the bottom.

Values of pH vary from 6.9 to 7.05 at the bottom to from
7.1 to 7.5 at the surface, with the highest siaxface valuss in
August and September. Replicate samples of surface bottom watlers
were obtained from ths Bosporus near Cubuklu on 22 May 1667 and
analysed for traoe elemenis by means of an emission spectrograph.
The resulis are listed in the Annex.

Ten elements were found in quantities which could be measured
by the concentration techniques routinely used by the United States
Federal Water Pollution Surveillance System Laboratories in
Cincinnati.

Degrees of enrichment or depletion can be detarmined by
normalising the results to the values reported by Goldberg for
"average sea water", High enrichment faotors were found for cadmium
and for lead (lower layer only). Zinc, molybdenum, aluminium and
copper exhibited moderate enrichment, particulerly in Black Sea
waters. A single sample showed moderate enrichment of nickel in
bottom waters. Strontium was depleted, particularly in boitom
waters.

——
i
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Biological oceanography

The most valuable review of the diological oceanography of
the area is that published by Gaspers. ilo summarizes the more
important Phytoplankton, zooplankton and benthos species and their
distributions, as well as those of the mcre important migrazory

fish, (These data sre shown in the Annex to this report.)

Mackerel (Scomber scoubus),  imporiant migratory fish, treed
in spring in the Sea of larmara, enter the 3ieck 3ea in summer and
return to the Sea of Marmara, usually in Januasry. Young bonitc
(Sarda sarda) about 25 contimetres long pass tarough Rosporus,
Marmcras and Dardanelles {rom late Avgust to early Cctoler, The
oldaer fish returr in May or June for spaining in the 5Slack fza.

(These und further ecological dats are also given in the innex.)
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Chapter III. TIE TURKISH ECONCMY

Chemical and fartilizer sectors

During the period 1963-1971, the Turkich gross national product
(GNP) increased by some 60 per cent, rising from LT 108.7 billicn to
LT 179.3 billion. The share of the agricultural scector in the GNP
decreased from 41,2 per cent in 1953 to 28.1 per ceut ir ‘272,
During the same period, the share of industiry increaced from 16,2
per cent to 22,6 per cent and the per capiia income of the 35 million
population rose from LT 3,540 to LT 4,001, Tza= average population
growth rate was 2.7 per cent. Iuring the pariod 1953-1973, come
25.7 pes cent of the total fixed invesiment wes investel in the
manufacturing sector. In 1972, the shares of the ¢hemical and —
fertilizer sectors in the manufacturing output were 15.% per cent and'
2.3 per cent respectively. For 1977 the planncd shares are,
respectively, 14.8 per cent and 3.9 per cent. During the period
1973-1977, some LT 3,850 million will be invested in the chemical
sector and LT 4,670 million in ithe fertilizer sector.

In view of iis decision to join the Furopsan Economic Community,

and in order to bring its economic structure into line with iis new

role as a member of the Community, Turkey will establish basic
intermediate and investment goods industries as soon as possible.

Among the benefiie expected to be gained by joining the Community
is an increese in exports of industrial products. The share of the
intermediate and investment goods industries in manufacturing
output was 53.4 per cent in 1972 and will increase to 61.7 per cent
in 1977. The share of the chemical sector (15.5 per cent in 1972)
will decrease to 14.8 per cent whereas that of the fertilizer
seotor will incresse to 3.9 per cent im 1977 (2.3 per cent in 1972).
For the manufaciuring sector as a whole there will be an average

annual production growth of 11.7 per cent., The increase in the
production of the intermediate goods industry will be 14.3 per cent.
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The average annual production growth will be 13.2 per cens
for the chemical sector and 28 per cent for the fertilizer sector.

The growth of thc chemical and fertilizer secters is illustvated

belovw,
Preduction (tens)
A2 a2

Pertilizer (13 per cent p205) 627,00 2,618,cee

Sodium Hydroxide 40,000 125,000

Chlorine 35,000 112,000

Rorax 26,400 ST,000

Boric acid 14,C00 42,0CcC .
Hydrochloric acid 14,000 18,000

Phosphoric acid 61,000 345,000

Sulphuric acid . 266,000 1,227,000

Agricultural sector
In 1972 the contribution of the agricuitural scctor to the ONF T

was 28.1 per cent. The targeis and performance of this sector
during the Second Five-Year Plan (1968-1972) and the targets tor
the third plan are as follows:

Annual growth rates (per cont)

Target: 1968-1973  Realization  Tarcet: 1973-1278

Crops 4.4 4.2 4.0
Livestock 4.8 3.2 5.C
Forestiry 6.9 5.5 c,.1
Fishery 9.1 5.2 - 8.4

In 1972 the consumption of nitrogen fertilizers (21 per cent ¥)
was 1,700 tons. The demand is expected to rise to 286,000 by 1577.:
The consumption of phosphate fertilizers, which was 1,60C,CCC tons in '
1972, will rise to 2,720,000 tons in 1977. The consumption of
potassium fertiliger: (50 per ceni KZO), 25,000 tons in 1972, is
expected to rise to 33,000 tons by 1977.
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The result of this trend is a growth in two kinds of poliuticn.
Pirst, thers is a growth in the pollution caused by the factories
where these produsts are prcduced. Secondly, .here is a growib in
indirect poilution, for example the transfer through the soil rom

target to non-target aroes.

Fishery sector

At the end of the 3econd Five-7mar Plan (1358-1971), the
production of the fishery sector was fer below the target of 2.1 per
oent annual growth that hai been sei fcr the Plan pe.aod, 7The annual
consumption of marine fish amounts to 32 xilogrums per ~zpi*ta. The
Govsrnment plans to increase this figure by onc kilogram pex> capita
during the Third Five-Year Flan, Most fishing ir done in the ccesial
waters of the Black Sea, the Sea of Marmara and the Eosporus, 'he
Mediterranean and the Aegean Sea supply lese than 10 per cent of the
total landings.

The largest part of the: catch, namely 70.2 per ceni, comes frem
the Black Sea. The Sea of Marmara delivers 23.2 per cent, Marine
production far exceeds inland water production, as the following
table shows,

Fish caught (tons)

1972 1973 (estimates)
¥arine 171,555 246,665
Inland water 16,605 19,540

188,160 266, 206
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Chapter IV, SECTORAL STUDY ¢ THE I2ZMIT ARZA

Ecoromics

industries are divided as followst

Invesiment gooda
Consumption goods

Semi-finished goods
In the whole of Turkey the division is:

Investment sroodo
Consumption gooda
SOli-finilhod'goods

The Izmit urea covers some 3,513 km2

and has a population density
of 109 pornons/kmz. There ars 123,000 inhabitsnts in the central parzs
of the city of Izmit; in ihe sulurbs there are 25,009 inhatitanis.
The total population of the Izmit arca is 400,000, Ia Izmit, the

Por_cant
1.8

€.49
29.71%

46.6
39.4
14.0
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The fixed assets of the industries in Izmit were divided as

foliows in 1971 end 1972

Fired aseets (L7)

Industry 1971
Food 10,250,783
Textiles 5,176,597
Wood and cork 2,823,500
Furni ture 1,985,064
Paper and related products 2,236,535,826
Printing -—
Rubber 201,878,977
Plastic 55,559,255
Chemical 856,410,722
0il, coal 827,621,454
0il products 94,727,001
Glass ) 161,252,455
¥etallurgical 160,729,053
Metal 284,271,280
Machine 2,539,914
Flectrical 265,691,520
. Transport 109,146,961

272
25 ] 500,77‘1
12,702,220
8’ 69?,69"1‘

3,158,265

2,850,380,525

2,207,190
38C, 47,404
514 376,475

2,1C0, 945,552

£50,491,792
137,418,427
827,076,154
174,408,330
582,077,124

3,548,443
372,791,059
115,051,755

Overall, the fixed assets increased by some 20-25 per cent over

important in the Ismit area.

The chemical industries are the second most




a8 follows:

Investments in the chemical industry increased nearly ten-fold
from 1971 to 1972,
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1972
703,628
2,183
5,CC0
52,234,530
36,234,533
4,357,25%
353,054,954
14,079,206
20, 056,744
94,636,445
7,114,028
294,553,717
724,005
49,753,182
5,670,271

Investments in industry in the Izmit area in 1971 and 1972 were
Investments (LT)
Industry 2
Food 34,444
Textiles 1,135,578
wood and cork —
Furni ture 325, 000
Paper and related productsa 303,704,457
Printing -
Rubber 13,950,000
Plastic 15,493,766
Chemical 36,972,248
0il and coal 536,056,549
0il products . 9,904,938
Glass 60,379,995
Metallurgy 31,246,752
Metal 79,415,595
Machine 2,968,743
Electric 32,832,810
. Transport 4,393,294

-
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Industrial production in the Ismit area in 1971 and 1372 was

as followa:

o

Industiry

Food
Textile

Wood and cork

Furniture

Paper and related products

Printing
Rubber
Plastic
Chemical
0il and coal
0il producis

Glass produotis

Netallurgical
Metal

Machine
Elecirical

. Transport

The production of the chemicsl indusiries remained nearly constant

from 1971 to 1972.

Production (L1}

Al

56,416,057
48,290,625
1,2992,5C0
2,364,419
603,318,345
468,069,114
71,016,100
817,518,543

1,149, 362,071

130, 007,301
563,650, 121
147,103,763
745,398,483

3,097,470
230, 024,656
210,720,299

1212

89,902,695
47,975,323
16,185,920

3,412,214

1,204,522,250

238,275
596,294,396
90,545,119
824,339,996

1'7’4'235'000

157,334,93C1
623,118,432
171,358,907
997,396,470

4,738,037
887,352,395
449,171,355




- 22 -

In 1971, 2€,132 persons were worxing in the industrial sector
at Ismit. Ry 1972 this number had increased tn 32,007.

1971 totalled LT 632,450,617 and in 1972 LT 379,4%7,452.
and wages are divided into industrial sectorc as followss

Lgduutrz

Food

Textiles

Wood and cork
Furniture

Paper and rclated

products
Printing
Rubber
Plastic
Chenical
0il and coal
01l products
Class
Metallurgical
Metal
Machine
Rlectric
Transport

Number of wcerkers

1971 1572
217 140
1713 679

42 179
102 116
5,718 10,225
- 30
1,62 1,823
415 408
2,955 2,798

547 555

508 864
4,442 4,084
962 1,069
)00 3,199
15 118
3,159 3,694
1,224 1,346

Wages in
lWorkers

Mages paid {L7T)

19[1
3,036,708
16,859,528
292,560
593,047
120,716,347

52,023,300
8,845,131
101,534,635
25,646,395

12,635,664

82,578,714
9,248,395
62,012,674
910,200
95,561,540
39,201,719

1372
13,030,153
17,042,802
2,900,311
832,240

210,802,535

233,399

&€ +305,9%4
10,352,355
125,938,459
36,591,000
15,926,133
56,383,496
23,816,501
87,454,884
2,358,125
110,730,682
48,101,556
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Crop production

™e yields of many crops in the Izmit ares decrcc.=i c(ver the
period 1968-1971, However, this decrease was not the resul® cof
industrial pollution because industry in the Izmit area is restristed
to one bank of the Bay and its wastes, consisiirg moatly of liquids,
are discharged into the Bay,

The decreases in yields of some of the agricultural producis

during the pasti five years are shown in the following tabvle:

Yield (ions)

1968 1971
Beans 20.20 4.5
Tomatoes 19.9 - 15.7
Psppor 10 £.8
Peaches ) 10 4.8

Chemical industiries

Seks pulp and paper mill

Seka is & State owned company with several factories all
over Turkey.

The mill at Ismit produces daily 90-110 metric tons of pulp for
dleached and unbleached papers, using the calcium sulphite process,
The chips are fed to six stationary digesters - five of 130 m3

and one of 170 n3 capacity. All have circulating pumps and indirect

capacity
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heaters. The five 130 m3 dipesters are lined with acid-resistant
drick and have a recommended working pressure of 7 aim and a
design of 8 atm. 'he other digester, which is comparaiivel. ns<w
(8 years old), is of stainless steel and has a recommended working

pressure of 8 atm and a design pressure of 9 aim.

Calcium base cocking liquor is made from iron pyrites and
limestone. The pyrites are turned in a furnace, The flue gases paes
through a cyclone, electrofilier, gas scrubber and cooler ard are then
blown to the acid towers filled with limestone where reaciion forms

the cooking liquor. ‘the liruor is then pumped to siorage tan'ss,.

Digesters are initially pressurized to 4 - 5 atm with the liquor
£fi11 pump; pressure is then inoressed to 5.3 - 5.5 atm at a maximum

temperature of 14000.

The cooking cycle for the digesters is as follows:

Hours

Chip filling 1

Iiquor filling T

Time to temperature 5

( 140°C max.)

Time at temperature : 1=3

Time ‘0 relieve pressure 1

Blow 1

Wash cycle and dump +%
Total 12-1)

Each 130 n’ digester is charged with 22,600 kg of chips (dry
weight) and yields 9,880 kg of unbleached pulp (dry weight). The
170 - digester is charged with 29,600 kg of ohips (dry weight) and
yields 12,900 kg of unbleached pulp (dry weight), a digester yield
of 46 per cent. A subsequent 5 per cent washer, knot and screen loss
reduces the undleached pulp yield to 43.6 per cent.

An 8 per cent bdleaching loss furiher reduces the bleach pulp
yield to 40.2 per cent. 'The dleaching process includes the use of
ohlorine, 15 per ~ent caustic, hypochloride, 302 wash and water wash,
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After the cooking, the pulp is complete. The digesiers are
vented to a 3 atm tank and the red liquor is drained to the sewer,
Next, 60 m> of wash water are added through the digesierc! rase
and allowed to soak for one hour without circulation, Afier the
wash water is drained to the sewer, the conternls of each digester are
dumped into a separate chest with a perforated woitom. iash water is
again added. The pulp is then diluted and purped to parallel drem

washers, followed by knoters, vibrating screens, thickeners and cheztis,

The first stages of the production process are the same for bLoih
unbleached and bleached pulp. The bleached pulp is used fur &
complete line of high ani medium grade papers at £5 (T brightness.

Bleached pulp represents 75 par cent of total capacity.

Water pollutants., The condensats has a biochemical oxygen demand in
the order of 4,600 ppm and a pH of 2.4.

Air pollutanis. Ash particulates from the iron pyrites combusiion

total some 117 kg per metric ton of dry pulp. The total ash produced
in one day, therefore, is 16.4 tons. Assuming an efficiency of 30
per cent for the electroprecipi tator, the ash discharged from the -—

stack to the atmosphere ia 1.6 tons per day.

The discharge of 502 from the stack is about 11 tons per day,
estimated on the basis of charging the digester with 125 kg of sulphur
for each bone-dry ton of pulp.

Future dovelolgments. The pulp factory at Ismii will be closed in
about five years tims and its activities will be taken cver by a new
plant on the south coact of Turkey near Anstalya., There is plenty of
wood and other raw materials in the Anstalya area, The new plant will
be providld with a bioclogical tresiment plant. The treated effiuent
~will bs discharged into the sea.

Paper and chlorins production will remain at Izmit. There is
s market for chlorine and caustic soda, apart from present-—day
activities. Paper production at Ismit is now 110,000 tons/year end
will be expanded to 140,000 tons/year. Plans for a waste water
treatment plant for the paper factories are under consideration,
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Seka chlorine-canstic soda plant

The Seka rlilorine-caustic soda plant started ir .Y with
diaphragm cells; in 1967 it was entirely rebuilt by Pintsch
Bamag/Power flas and mercury cells were ingtalled. Invesiment cosia
were LT 18 million., e possibility of polluticn by mercury

discharges was not considered at all,

Yearly capacity of the factery ie 4,000 tons of cauatic sade,
3,500 tons of chlorine and 100 tons of hydrogen. Sea salt is used ae
a raw material. Purificaticn ie achieved by adding barium chloride,
soda ash and cauctic soda 1o precipitate sulphates, calcium and
magnesium ions. 'The precipitate? solide are separated in a Torr

clarifier. The wasties ihus obteined are flushed into the Izmt Ray.

The cell house ic well ventilated; only a weak smell of chiorine
was delectable. No analysis of the air in the cell house (_012 acd Pg)

was made.

Chlorine is liquefied: Part of it is sold and part is used
in the factory for the manufacture of bleaching powder and
hydrochloric acid.

There are two units for the production of hydrochloric acid.
One is made of quartz and the other of karbate, Total production is
3,000 tons/vear of 33 per cent HCl. Corrosion of the stack indicated
that considerable HCl is not absorbed by water and passes into the
atmosphere.

The bleaching powder is produced in batches in a rotating drum.
Each batch produces six tons of bleaching powder in a reaction time
of 10 hours, A small excess of chlorine esmoapes ani is absorbed in
a lime solution producing & solution of bleaching powder.

This is used internally. The bleaohing powder unit functions wvell
and is in a good stats of maintenance.

Sodium hydroxide. Sodium hydroxide is evaporated from the brine and
is produced as a solid product. No meroury is separated before
concentration. No analysis of the mercury content is made.

-
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Chlorine is used in the manufacture of bleaching powser (1,200
tons/year) and hydrochloric acid 33 per cent (3,00C tons/yesnr),
The manufacture of hydrochloric acid consumes avoui ore ihird of the
hydrogen producei, the rest is vented into the air. The exciss
hydrogen was considered for use in the hardening cf edibie oils, tut

the mercury content of 30 mg Hg per m3

hydrogen was prokititive. o
plan for separating the mercury from the hydrogen has been develcpad,
Hydrogen is cooled to +30°C, which is far too high a temperature to
arrive at low mercury levels; 5°C is the highest temperature
admissable for this purpose. A total of 12 tcns of mercury circula‘e

in the cell house.

The laboratory facilities of the plant were not sufficient for
analyser of the marcury levels in the other products and in the
brine bleed, (ne ton cf mercury, worth LT 200, C00, is lost per y=ar.
The mercury losetes are 250 gr per ton of caustic soda, which is high.
Most of these losses are discharged into Ismit Bay,

Cost prices of products are:

LT{ton

Caustic soda 1,600
Liquid chlorine 2,600
Bleaching powder | 2,600
Hydrochloric acid 1,000

(33 per oent)

The factory officials stated that no serious health effeots had
been observed, but a nearby hospital informed the group that manv cases
of both ohronic and acute bronchitis have been observed among Seka‘'s
personnel. An average of 1-2 people are absent every day due to illness,
at a oost of LT 36,500 to the plant. For undetermined reasons, liver
diseases are frequent among personnel of the nearby Goodyear factory.

Jabour. There are 110 persons working in the plant. Houses built
nearby for them are pleasantly situated in a green area that includes
sport faocilities. Great importance is laid on personnel training.
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Laboratories. There are five persons working in the latcratories, fhe
total investment cost was LT 50,000, No equipmeni has bee: insialled

to analyse for pollutants.

Costs. The operating cosis of the plant are divided as fellicva:

Per cent

Sodium ~ . Y Tiguid Seazhins

hT‘-yrmcide chlorine \g58)  fiirine poler
Raw materials 27.05 24.76 11.62 %5.82
Labour conts 9.0 9.69 5445 21.35
Material 2.26 2.24 0.19 .06
Amortization costa 0.37 0.38 0.06 1,27
Watur, steam 53.02 54.49 4.42 0.5
Mainternance 3.16 3.23 7.03 7.52
Social ocosts 2.94 2.98 2.71 -
General management 1.83 1.85 2.10 6.32
Overhead costs *0.37 0.38 0.71 3.2

Koruma Tarim Il8clari

Koruma is a privately owned company producing chlorine, causiic soda,
DDT, bengene hexachloride, hydrochloric acid, sodium hypochlcride and

sulphuric aoid.

Chlor-alkali unit. The chlor-alkali unit was designed by De Nora {Italy)
and came into operation in 1964. It uses the mercury proocess, Tlaily
capacities are 444 tons NaOH (100 per cent), 39.6 tons Cl, and 1.1 tons of
hydrogen. There is enough space in the cell house for ar 8C ton (‘-12 per

day production but at present there are no plans for expansion.

Sea salt with low 804 content is used. Treatment to remove sulphate,
magnesium and calcium is carried out by using tarium chloride, caus.ic
soda and soda ash. Precipitates are removed in a clarifier and

discharged into the bay.

Some time ago the unit suspended sulphaie removal, and it no longer
uses barium salte, This has resulted in a longer life for the carbon
eleotrodes (13 months instead of 9) and fewer polluting discharges
(because of the absence of barium),
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There are 22 cells, in which about 42 tons of mercury circulate,
Nercury losses arc 120 gr per ton of caustic produceld, i~k armounts
to one ton per yecar. This is rather a high figure. GSome isakagze of
mercury punps was observed, ‘he NaOH is not treated before evaporaticn

8o as to reduce .he mercury coatent.

Cnlorine is liquefied and part of it is bottled in steel cylinders,
In spite of the cxistence of an acoustic warning system, overfilling
sometimes occurrcd. The installalion of an automatic system thet

provides maximum safety i3 being considered, hovever,

Hydrogen is cooled to -3%2 and therelore is Irzs of acrcury. About
one thirda of the hydrcgen is uzed fer the production of hydrochlorin
acid, Scme 35 ~ 40 tons of i3 per cent HIl arse produced caily, 7he
balance of the hydrogen is vented into the air., Plans eyist io douulie
the HC1 production and to use the excess hydrogen as 2 fuel in tle
boiler house. Some technological problems have tc be sclved befora

proper combustion of the hydrogen can be assured, however,

Brine-bleed is currenily discharged into Izmit Bay, bui research
aimed at reducing mercury compounds with hydrazine is under way. This

should enable part of the mercury to be recycled,

Although Koruma's laboratory has a staff of 15 and ie well equipoed
to do all kirds of mercury analysie, the facilities are hardly ever used
and practically nobody shows any interest in the mercury contents of
discharges and products,

Hydrochloric acid unit. The hydrochloric acid unit has & capacity of
35 tons per day. It was designed by Union Carbide and is built of

karbate material. A small excess of hydrogen is used, so no chlorine
can be emitted. Absorption is good and no HCl escapes. Plans are
being made for double capacity. Most of the product is sold,

Sulphuric acid unit. The sulphuric acid unit, which was designed by

Monsanto, uses sulphur as its raw material. Design capacity is 25 tons/day
of monohydrate; actual production is 20.5 tons. Fucilities for the
production of oleum 25 per cent exist. Design is of the cingls
contact/single absorption type and sulphur efficiency is 98 per sent

this means that 350 kg of 50, is emitted daily. Stack height is 18 w.
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Sulphur prices are LT 1,100 per ton from the local refinery
or LT 1,750 imported.

Oleum is produced if needed for DDT production., Mos:w oI the

production from the sulphuric acid unit is sola. .

DDT unit. The DRT wnit was installed in 1564. Capacity is 2,4C0 tons
rer year, but no DIT has bLeen produced for about 10 moniks and pari nf
the unit has been dismantled for repairs. It is not sure wheiher
production will start again. Tentative plans hLave been malc 1o
replace this unii with a vhenol unit using chlorcbeuzene as an
intermediate. A chlorobeuwene unit currently exists as part of the
DDT faotory.

Each ton of DUT produced yields two ions of spenti sulphuric acic -
of 78 per cent strength as a by-product. Attempts to sell this acid

to a fertilizer plant have failed.

A spont acid recovery unit, designed and built hy De Nora, was
installed in 1965. In the beginning, heating with superheated ctecam
was used for the decomposition of polluting by-producis. FHowever,
this installation never worked properly and the designer himeself did
not succeed in bringing it on stream. 1In the end, tne spent acid,
oontaining chlorinated products, was discharged into the bay. 'MThis is

osusing rather serious pollution,

Benzene hexachloride sBHCQ unit. The BHC unit was designed by Frazer

Woodall Duckham. Its capacity is 5,400 tons/year and it will shortly
be increased to 6,700 tons. BHC partly replaces DDT as an insccticide,

Produotion units are made out of quarts, which is tranaperent to
the ultraviolet light necessary to maintain the photo-chemical reaciion
betwesn bensene and ohlorine. The ultraviolet light is produced bty
lamps positioned outside the reactor. The irradiation room is well
sesled and no operators are allowed inside; work is remote-controlled
from outside the room. There is no exposure to ultraviclei rays and
therefore no haserds to the workmen.
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Excess benzene is evaporated and recycled. BHC iw flaked c¢n a
rotating cylinder trnat is completely enclosed, and ram.irics 1 zens
vapours are evacnaied, condensed and recycled. ‘he layout of (his
unit is very good and maintenance is perfect. o discharges ace

produced,

At present, ihe active gamma—~isomer of BHC (Lindane) ie not
isolated, but a plani for ithe production of pur« Lindane is plannci

and will be operating by July 1975.

Sodiwn hvpochlorite (#a0C)lunii., This unit wac dusignel by Ne ivre

and coniains an absorpcion unit for the reaction of chlorive wnd the

dilution of caustic soda.

Unit oapacity is 1,000 tons/month. The product contains a
minimum active chlorine content of 1CC gr of chlorine per litre. io

wastes are produced in this process,

Workshops and maintenance. The workshops at the Xoruma plant are well

equipped. There are facilities for rubber lining, for p.e. welding,
for production of polyester-glassfibre vessels, and so on. Mainienance
is on a high level and there is awareness of the imporiance of keeping
it so, Flanges, valves and other details are kept in good order.

Discharges. Liquid effluents are discharged into Izmit Bay without
treatment. Plans for treating brine bleed from the mercury cells are
under investigation. The laboratory has the facilities to analyse the
various pollutanta, but up to now officials have shown little interest
in the sudbject.

Labour. The total manpover ia 378, including €2 in the production
department and 29 in maintenance. The basio wage is LT 67.80/day;
thres different allowances bring it up to LT 84.30/day.

Superphosphate Gubre Pabrikesi

Thie privately owned fertiliser works is located at Yarimca, about
15 lm north of Izmit and situsted on the Bay., I was established in
1960 for the production of single superphosphate. The sulphuric acid
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used was bought elsewhere and phosphate rock was imporied from lorucco
and Jordan. Some years ago it was decided to change over 1o the
produotion of triple superpnosphate and a phosphoric acid plant was
installed. Triple superphosphate is produced in the same unii ithai

ig used for single superphosphate,

The phosphoric acid plant was designed by St. Cobain (France) and

was consiructed on turn-key basis by Wocdall-—-Tuogham., It cune into

roduction in late 1973, Isseatially, it is a single tanlz dizecter
. (i ) 2

system using the dihydrate system, Plans for buildin; a hemi-hrdrate
system, which results in a betier qualiity gypsum, were considered

but finally rejected because of higher investiment ccet and

unceriainty about further use of the gypsum. MNarketing ct' building
materials made out of high-quality gypsum would have been toun difcicult,
and transformation of spent gypsum into cement and sulphuric acid w~as

considered not to be attractive from an economic point of wview,

The plant has a capacity of 230 tons/day of P,0;. The eingle
tank reactor has one central agitator and eight more near the periphery
of the reactor. Ample veniilation of the fluorine-containing fumes
formed in the reaction it provided for; a scrubber avsorvs nexious
fluorine compounds, Gypsum is filtered on a Useco rotating filter
(without tilting pans), and a screw is utilized to discharge the filters.
Some 1,400 tons of gypsum (containing 1 per cent P205) ie produced
daily. Fluorine content is not known.

The filter produces phosphoric acid of 28 pef cent P205 stréngth.
Concentiration to 50 per cent 19205 is performed in two vacuum
distillation units. Fluorine containing gases from these uniis zre
scrubbed with water and discharged into the bay. The fiuoxrine content
of these discharges was not analysed, No planaz for utilizirgz ihe

discharges in the production of fluorine compounds exist.

Gypsum, at the time of the group's visit, was dischargel iri. the
bay at a short distance from the plant. Even though dis-harges had
ooourred only over a period of a few months, a rather large depcsit of
gypsum was visible, The company had decided, however, that in future
it would load the spent gypsum into barges and dumj: it in & deep-water
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ares of the Sea of Marmara. Barges had already been obtained, loading
squipment was very ncar completion, and it was foreseen that in a few
weeks the equipment could be used. Dumping gvpsum in deep water is

generally accepied as good practice, especially if an area wilh ctrong
currents is selected. Jue to its solubility of 2 grams/litire, eypsum

dissolves easily if thers is sufficient movement of lhe water.

Superpresphatle wnit, Single superphesphate (16-18 per cent 13205} erd
triple superphosphate (42-14 per cent 1’205) ure prodvced, Ictal
capacity is 200,0CC tons/year. For 1374, produsiion cf boh Iypes in
equal amounts was planued; in 1375 orly triple cupernhosp.aate will

be produced,

Bradlcy mills (Raymend-type) sre used in both plosphori~s acid ani

superphosphate production,

The reaction rneeded to produce superphonphates is achieved in a
Broadfield den of 30 tons/hour capacity. Mo Broadficld dens are
installed, one as a stani-by. Following the den operation, a
granulating unit that contains a drum-granulator using water as a
granulating acid is used, The product is subsequently dried in a
standard co-current rotating drum-drier. The product is then sieved
and fines as well as broken over-size are recycled to the grauulator.
Finenecs is 30-40 per cent through 200 mesh (for single and triple
luporphoaphates‘"_).“a.nd 30 per cent through 100 mesh for phosphoric acid.

The layout of the plant 13 wgg&‘:'d;wé‘itﬁoh'g;h a cﬁrtaiu amount of duaf
is produced by fast-moving transport belts. These belis have a speei cf
1.8 m/aec and produoe heavy clouds of dust at disoharge endés. Plans
to replace the belis by screw conveyors exist, “ul as a considerable
height (12 m of height over 30 m of length) has to be covered, the screw
system must have rather steep engle. This migii causa troubvle., 7Th=
use of wide belts at low speeds (max 0.5 m/sec) and sufficient
ventilation at discharge ends would be preferable. A rather small and
inexpensive unit contairing a small fan, a cyclone and a dust bag would
be very satisfactory.

Noise frcm hammers on the drum drier is rather loud; a better

arrangenment could be made.

——
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Bagging is done in open mouih polyethylene bags of 0.2C mn
thickness which are then heat seeled. The capazity is 50 tors/hour
in two bagging lines, Before baygsing, dust is removed [ron the
product by screeuing. T™e failure rate in hcal sealing is T=15

per cent.

Tirty-five people vork in maintenance which is on a good ievel. .
Last year costs were LT 928,795. The facters is clean and «pporently
the floors are washed frequently. The equipment is in good conditien.
'he only serious trouble, as mentioned before, was dve to Aust frem

the btelts.

Labour. The plani has 224 workers. The minimes wege i 10 4% the
maximum LT 83.25 per day. Witk the exception ol thres montaz of
on-the-job training, the workers are giver nc special irairing.
Forty-nine workerc bad accidents in 1973. The plant does nct provide
housing for its workers nor are there any plans to build a housing

complex.

Laboratories. The plant has a laboratory for production centrol with a
staff of five., The total investment was LT 500,000, Lasi year ihe
operating costs were LT 14,034,

Costs. The operating cosis of Oubre Fabrikasi for 1973 and 1974 are

given below: R

Per cent
2913 1974
Raw materials 86.99 91.18
Labour 4.99 2.72
Energy . 0.55 0.47
Others 71.47 5.53

Conolusions and recommendations. The plan for deep sea dizcherye of

©psum is an improvement over current practice. Fluorine dischoze

is uncontrolled; if the Izmit Bay ie to return to good co.ulition, .
disoharge of fluorine compounds in large quantities must ceasc.
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Within the factory, there are no serious health problems. However,
the use of protective equipment in the dusty srcas is recommended
until a better technological solution can be found,

[
1
S
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Chapter V, 3TS3TORAL STUDY : THE BANDIRMA ARTA
Fishing

The figures for fish caught in the Bandirna area during the
period 1965-1973 are shown in the table below:

Year Catcr {kz)*

1965 111,555

1956 148,199

1957 215,060

1968 133,567

1969 135,030

1970 113,350

1971 103,075 -
1972 131,700

1973 111,200

#These I'igures do not include hauls

of palamui, lobster or clams,

The figures indicate & rclative conatancy in catch over the
period, even though a greater number of larger boets enabled the -~
commercial fishermen to iravel further from the coast in search of
fish in 1973 than in 1965. It is suspected that pollution is ihe

Agriculture
The land of the Randirma area iz divided as follows:

Micultural use Per cent Hectares
Parming 78.08 3,315,117
Vineyard 2.30 9,80
Fruit 2,06 8,765
Vegetable 1.46 6,200
Mulderry 0.17 725
Olive 15.93 67,524 .

100, 00 3,408,144
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In 1972, the numbers of families working different sizes of
farms were as follows:

e BERHEE mw e
81,893 1-50 1,956,404
14,761 51-100 1,024,986

3,633 101-200 520,880
1,745 201-500 446,964
227 501-1, 000 145,520
44 1,001~2, 000 64,400
11 2,001-3, 00C 43,900

2 3,001-4,000 T,900

2 4,001=5, 00 10, 000

2 5,000 24,804

While the yield per hectare of agrioultﬁral products is higher
in Bandirma than it is in Ismit, some products have shown no

significant growth during the past 12 years and others have shown
no growth in yield per hectare.

Products that have shown growth are:

eld per hectave (tons)

1960 1912
Rye 1.9 | 1.)
Xaplica 1.4 1.4
Mllet 0.8 1.0
Cotton 0.5 0.6
Oleaster 0. 006 0.009

Vegetadles 4.) 4.7

-
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Products tha! have shown no growih, or even a reduction in

growih, ares

7isld per heoinre (Lonu)

Liven 0.9 0.5
Sesame secd 0.6 c.5
lentil 0.8 0.5
Linen 0.6 0.5 .
Sunflover 1.6 1.3
Garlic 7.3 5.1
Aspir 0.7 0.5
Wlberry 0.008 0. 007
Kigileik 0.0 0. 007
Cherry C.01 ‘ 0. 01
Hild apricot 0.01 0. 01
Egg plant ) 19.6 19.4
Cauliflower 30.3 24.9
Cabbage 10.1 9.4
Carrots 1.6 5.8

Olive trees yielded the camoe amount in 1572 as they did in 1950,
namely 0,01 ton per tres.

There appears to be no definite explanation as to why production
of sone crops did not increase and in many cases even dhercasad; in
general, more fertilizers, pesticides and better agriculiural
techniques have bzen used over the past 12 yeers,

It is possible that pollution played a role; indusiries in
Bandirma cause little air pollution but severe water pollution., At
thie time the effect of pollution on crop production cannot be direstly
traced; it has been ascertained, however, that the wild apricot that
. growe locally has suffered from pollution dischargsd by Bandirma's
industry.
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Chemical industiries

Etibank Boraks ve Asitbarik Tabrikalari

This is a State owned factory producing boron cowmpounds from
locally mined borcn minerals. ‘Technology, faciory layout and

equipment were developed by Polymex on a turn-key havis.

The minerals used are colemanite and tinkel., Cclemanite
( 2ca0 °3B205-5H20) in a pure stale contains 5C.5 per cent 5203.
The mineral used is £5-9C per cent pure, the belance is clay, caleiux
and magnesium carvonate, silica and traces of iron. Tinksl
(N120-23203.1CHZC) is essentially natural borax. Ius purity is

85-90 per cent, Impuritiaz ars rilica, clay, =clemiie an? calciun

carbonate,

Colemanite is mined at Emit, tinkal at Kirka. Both sitlos ere
about 300 km from Bandirma. The minerals are trarsported oy irein

and truck. -

Colemanite can be a raw material for both torax and boric acid.
Pirst boric acid is produced. Any part of it can then be converted
into borax by neutralizing with soda ash. In this case, borax is
more cheaply prepared by directly purifying the tinkal ore by
crystallisation.

Boric acid production. Colemanite ore is dried in a co-current
rotating drum drier that uses fuel oil. The hot dried product is
oooled and finely ground in ball mills., Noiee level is €0 dB., Ixhaust
gasee contain some ore dust and are washed with water; 1ihis water is
diecharged into the sewor. The discharge stack showed orust on the
rim, so apparently droplets loaded with beron compounds are being
discharged. |

The product is furthor treated with sulpiwuric acid in a batzh
prooess at 9OPC while being vigorouely stirred. This prevents
precipitation of gypsum on the unreacted ore. “hen the reaction is
ocompleted, the contents of the reactor are filiered, using old
fashioned plate and frame filter presses. The filier is cleaned and
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prepared by hand. The filirate is conled in crier tc¢ allrw ihe boric
acid to erystallize. The boric acid is then wepnrave’
centrifuging, dried on centinuous iray driers, siored aui bujsged.

Ho* air is used fer drying; it passes through a tag filier vnicve

discharme into the atmesphere. 'The filter uni® <ischarges no
O 5

particulates.
There are subostantial nroblems comnecied siith this producrion
scheme. The most troutlesome is Lhe filtration unit. {re velgtively

large amounts of clay-like substances in the colemanite give vise .o

the formation c¢f gels which are difficuld o £idilee, TF im

therefore impossible to arrive ai dry {ilter cakes and Tiltraiicn

has to Le stoppes befire ‘he drying process is coiaplete. Altempils

to use filter aids ic obtain betier resulis were unsuccessful, the -
sludge from the filter presses contains 6-6 per cent of the invut of

rad material expressed as 3203. Since 25,000 fnns/&ear of weric

0.3 this

273
results almost entirely from inefficient filtering., Rotating

acid are produced, there is & discharge of 2,0C0 tons of B

pressure drum filters are now Yeing installed which should resuit in

greatly reduced losses of B203.

The centrifuges used for separatiing boric acid from its mother-
liquor are old-fashionad and have a low prcduction rate. They are
batch~-type centrifuges with a vertical axis fitied with & direci
two-spced electrical drive., The management has decided to replace
them by continuous centrifuges with horizortal axes of ihe "Eird"
type. A more vniform product will be discharged from these new
centrifuges and extensive losses of time due ito cieaning will be

avoided,

The present technology does not allow for the quality of ins raw
material and its impurities. ‘The day—-like substances eith.r have <o
be removed before acidification of the colemanite, or meiheds o
prevent the formation of gels that hinder filtra'ion will have ic be
developed. This is a programme thal seems tu be beyond ihe
capabilities of the plant's laboratory. 'The Narmara Scientific and
Industrial Research Institute at Gebze (a TWbitak branch; was assked ‘
to investigate the problem, but the Institute itself is still ne3
fully operational. Plans do exist, however, to build a pilot plani



-4 -

at GCebze in order to develop technologies for “he prccensing

of the boron minevels which are so abundant in ‘lurkey.

Borax production. Borax is made by purifying tinkal or:, which

is essentially a natural borax. 'he purification process includes
grinding the solution in hot waier, filtering anl crysiellizing.

The crystals are then centrifuged, dried, stored and vagzed.

The problemc are the same as those encountered in boric acid
production. Impurities (clay, sand dolomite etc,) ara filtered
out of the hot solutior in frame and plate press filters. Tue 1o
formation of clay-colloids, tfiliralion is slow and a geod Jilter
cake canuot be obtained., Iosaes from torax lett in the filler cake
are cxtremely highy on a yearly tasic of 32,CCC tcus of torax
produced they amount to 5,000 tons of 3203. .As in the case of the
colemanite ore, purification of the original ore 40 renove clay

would improve processing. {The Instituie at Gebze also plans to

S

study the borax process.)

The plant laboratory is well equipped for analytical work. :
Modern equipment, such as an atomic absorption spectrometer, & visible
light and ultraviolet specirometer are available and are used., Bul -

the equipment needed to study process variations on a scale larger

than bench-inrvestigations is missinz.

Twenty-two people are working in the laboratory. They include
one chemical engineer, two technicians and four laboratory assictants.
The btudget for 1973 was LT 150,000; for 1974 it was LT 2€0,000. The
investment cost cf the laboratory was LT 2 million, of which LT 1.5
million was for building purposes.

Discharges. There are some discharges of boron compounis into the
air from the colemanite drier system, as indicated by crust formatiins
on the exhaust stack. The bag filters, examined after use in both thre
borax and boric acid driers, were in good shaps; apparently no dust

escapes, However, data are not avuilable.
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There have becn no complaints fronm local [armers.
of boron are beneficial to soil, altheugh largs deoes o0 L0 nus zpoil
a good scil fer many years. Apparently there has been ns proviem of
this nature.

~

Agucous dincharges are very heavy., Some 2,000 tons of

T

0, =8

273
horic acid, anl 5,00C tons cf ‘3203 as Torax, are discrarged enruclly,

These wastes, together with small quaniities frcx cleaniny, fiucr

t

sweeping, speal sulphuric acid, gypsum (5,C00 ters), siliza, clay end

other impurities from the orcs are distharged ihrough a 3 s pipeiine

into the Sea of iarmara. “he 7,00C tene of 3.7, 5 scharged inwe the
A

sea is causing serious pollution., Prolessor Hor at the Univerziiy of

Istanoul is in charge of a special investigatiorn of this problem,

Etibank sulphuric acid pilznt

This is a Russian designed factory with a =zopacity of 12C,C20
tons/year of L,50,, Total investment was LT 140 million. Some of the
pyrites used as raw maierial come from Turkiash mines {Murgul and
Cakmahkaya), the rest from Cyprus and Finland. The sulpnur content
is 45-48 per cent,

Process. 'The pyrites are dried in a co-current rotating drun drier
with an air .emperature of 25000. Drier gases are discharged tlirough
& very low slack that does not even reach roof level. Some dust and
water vapour are discharged. o analyses were carried out for 802.
The roaster section consists of three fluiu ted roaste-s, each
with a capacity of 1C0=120 ions/iny. & rcaster .us cor. .ining
14-15 per cent of 302 is produced., Tfoasiing is Jcllowed by oo ecaing
in a cyclone and a waste heati toiler, where stean of 35 aim is

produced., (The steam is used io produce power. )

In addition, the roaster scclion contains two dry elecircstatic
filters (from which a gas containing £0~90 mg of d.ust,’m3 is emitied)s
two washing uniis in series; and two wnits in sories of each 2 parallel

wet electrostatic filters.
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Te gas from the three rcasters passes lhrough a drying lower,
a mist-catcher of porous pumice stone, and a heat exchran~er, T-fore
entering the coniact section. fThe reaction vessel contzins five
layers of vanadium pentoxide catalyst. Coolers are of the heat

exchange type.

The plant has a normal single contact/single aboorption layout,
Design capacity is 97 per cent conversion; actvally 98.4 per cent
is obtained. Absorption is carried out in twc etsorption *“owors in
series; the second one acts also as a mist catcher. "he acid
oocolers use swee:i waler froin a nearby well, Tuis water is
recirculated through a forzed-air water cooler. Sometimes small
amounts of chlorine are added tc prevent the growth of ulizae, In
1973, production was 120,000 tons of acid. -

Discharges. The first washer, after the fluid bed roaster; removes
some arsenic, depending on the nature of the pyrites used. 'he valer
is recirculated and the resulting weak sulphuric acid is later used

in the boric acid factory. Arsenic contents ars not analysed.

Small amounts of water solutions from the regeneraiion of ion-
exchangers (for the preparation of boiler-feed) are discharged into
the sea., Washing of the burner house floor produces large amounts
of highly ocoloured water (due to iron oxides) whioh are also

discharged into the sea.

Gassous discharges are mainly stack gsses emitted from absorpiicn
units, Design values a.z;o 0.3 mg of 503 and 0.5 mg of 302 per m3
8.T.P.; aotuslly, 0.06 mg of 50, + 303 ie discharged. Praotically
no mist is discharged; 5C kg of S0
stack has a height of 50 metres.

at

D is discharged per hour., The

About 75,000 tons of solid wastes (pyrite cinders) are produced
annually. The average iron content is 56-60 per oent Fe. Murgul-cinders
contain 1.4-1.5 per cent copper. The wastes in 1373 were: 5 per cent
Murgul cinders; 15 per cent Cakmahkaya; 10 per oent Finnish and
70 per cent from Cyprus ore. The cinders are cooled with water upon
leaving the roasters. The effluent water may contain arsenic
compounds., No analysis was made.
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Cinders are stored near the factory on two dumps. Siuce fpril
1972, no cinders i:ave been soldj; the dumps are *her:. .. : veoll
filled. A ilhird must be established shortly. Fine cinders used to
be carried away by the wind and there were complaints from locel
farmers regardinz the pollution. ‘ithere have bcen no complainis
within the past eight nmonths however, ever since the practice was
adopted of "wetiing dowa" the cinders upon dumping. 1The wet cinders
form a crust on iop of the pile and preveni the wind from carrying

away the dust,

Bandirma Gubre Fabrikalari AS

The plant is privatcly owned and produces only single superphosphate
from imported phosphate rock (mainly lorocco Safi, 33.7 per csnt szi‘vi)
and sulphuric acid produced by the nearby Etibank sulphuric acid plant,
The plant, which was built in 1972 as a grass rvois project, wae
designed by Uhde (\iest Germany). The investment cost was LT 280 million.

The plant capacity is 600 tons/day, or 200,000 icns/year, of
granulated, water~soluble single superphosphate of 18 per cent P2O5.
The actual maximum production is only 550 tons/day, due to lack of
well trained. operators and to a shortage of water.

. The phosphate rook is brought in by ship, but as there is no
crane available, unloading has to be done on & moving belt. This
results in high losses (estimated at 1.5-2.5 per cent). As the
prevailing land winds blow the phosphatie rook into the sea during the
wloading operation, there are no complainis from farmers; however,
these losses are too high and plans musi be made to unloaed either wiih
& good harbour crane fitted with an appropriate grab or with a

pneumatio transport system.

The phosphate rock is ground in & Bradley mill (Raymond-iype)
with a 25 ton,’hour capacity; 1t then passes over a .15 mm sieve.

As there is a shortage of fresh water (5-8 1/hour compared to a
need for 40 1/hour), sea water is used for the sbsorption ¢f fluorine
compounds. The sodium ohloride in the sea water reaocts with

- fluosilio acid (HZSil?é) to form sodium silicofluoride (Z:aZSiFa),
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an insoluble product. Consequently, the washtower is freruvenily
oompletély blockel and has to be cleaned, The sewer . l.. oz
also became blocked and has since been replaced by an opein canal.
Apparently, as the problems arising from the use of sea water were
not foreseen, a thorough hydrologic investigation of the site was

not carried out before construction staried,

The production unit is a Breoadfield-den ¢f 35 'ton/"hour capality.
The den is fed by a band-weigher (Xugler) coupled with an
electromagnetic sulphuric acid dosing appa.ru.tﬁs (Altometer). Tho
product from the den is then granulated.

The granulator, a rovaiing drum with a lengtn of 6 m and
diemeter of 2.5 m, makes a fixed number of 15 revoluticns per minute.
Its capacity is 35 tons/hour; watier and steam are injected io control

the granulation process, The power ig 55 kW.

The granulation prccess is followed by drying in a co-curreat
rotating drum. A sieve section separates the fines and ovorsize
from good product. Broken oversizes is recycled to the sieves;
fines are reoyoled to the granulator. The reoycling fartor is

62 per cent.

The sieves are olosed and ventilated and exhaust air passes over
the cyclones before being vented. No excessive dust is emitted, but
a fast-moving belt for the transfer of end products causes much dust
formation. The speed is 1.3 m/hour; preferably this should be
slowed down to about 0.5 m/hour. Pmissions of fluorine compounds
from the Broadfield den cause a bad atmosphere as operators frequentily
forget to olose the inspection doors,

Ventilation on the Broadfield den is 25,00C m3 per hour, which
is sufficient if good operating practices are maintained. Ixcepi
for the air pollution problem, plant maintenance is gocd.
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Production. The product is stored for eight to fourteen days afier
preparation, Average analysis after eipght da;ys siorage is:

Per cent
Yator soluble 9205 . 18.6 N
Total P205 n 21.4
Free acid P205 = 2,0 '
Humidity - 4.9

This represents a good product.

Bagging. Bagging is done in polyethylene open mquth bags which avre
subsequently heat sealed, using Libra muchinery. Cepacily is
50 tons/hour.

,
sts, The operating costs of the plant, expressed as percentages, are: '
Per cent
Raw materials 64.0
Fuel o0il 6.2 .
Fleociricity 2.8
Labour ' 9.2 N
Depreciation - 5.8
Maintenance 2.8
Interest 5.3

Some 1,250 kith of electricity and 8.5 tons of oil per day are used,

Personnel. Personnel consists of 147 men, There are thiree ehifis {19
sach) for oontinucus production and two shifts (9 each) for besging
and irsnspertation, Twelve men work in maintenance, ‘orkers core
from nearby city and villages.

lavoratory. The laboratory is equipped for production contrel. ‘o
emissions are analysed, however.
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Chapter VI. PCLLUTION OF THE SEA OF MARMARA
The area around the Sea of larmara consirts of the follewing
d;stricts: Balikesirj Bursa; Canahkale; Istantulj Kocaeli; end
Tekirdag. The populations of these districts in 1273 were as
followst
Fopulaticn Popu 2vion
Pol\x)a%ion encasel il en-ned in
B LLEL IR S aEicult'.u-e fisling
Balikesir 749,669 569,305 18,800
Bursa 847,084 539,299 €,615
Canahkale 160,764 252,692 2,11
Istanbul 3,019,032 120,790 17,106
Kocaeli 385,408 258,005 1,216
Tekirdag 302,946 224,172 659 -

The total annual catch of fish during the years 1967-1969 is

shown below!

Balikesir
Bursa
Canahkale
Istanbul
Kocaeli
Tekirdag

Ismit lies in the Kocaeli district.

-

Total annual cetch {kg)

1967 1968 1969
4,814,528 4,619,228 4,052,580 e
2,309,230 1,796,337 3,036,643
1,571,201 1,560,673 1,542,447
28,575,594 19,347,470 32,178,131
209,554 114,472 979,115
" 1,372,085 832,663 1,267,858

It oan be seen frcm the tables

that although this district has a higher fishery population than the

Tekirdag distriot

An interview
in 1972 was only
A fisherman now n

, the amount of fish caught is much less.

with fishermen revealed that the catch from Izmit Bay
86 tons; the water there is almost void of 1ife.
eeds to cast 15 nets to get the samo quantity cf fish

that he would have caught in one net 25 years ago.
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According to the Ministry of Agriculture, yields of fifteen
typee of fish caught in waters arcund Istanhul have decreased, e
total value of the fish catch sold at the Tztanbul fish market
decreesed from LT 157.5 million in 13569 to just under LT 14.5 million
in 1973.

Economic losses were alsc experiencod in the Sea of Ma~aara

region duec to the decreased catcnesz,

The costs of installing the necessary anti-poilution equioment
would be subetantial; but they coutid be justifiad frem Lh: warianal

viewnpoint through the improved fish producticn ilizt would reeult.
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Annex. TRACE ELEMENTS AND PLANKTON LIFE OFF THE TURKISH COASTS *

Figure 1, Trace elements in Posporus and Rlack Sea surface

and Mediterranean bottom water averages

Sample No., ;

Elements T

3 4 Mean 5 6 8 ¥ear Occan (27, |
Concentrations (mg/litre) !
Salini ty -(1) - 17,180 - - - 1B,550 | 4,320 ,
Zine 36 28 32 50 40 45 45 10 .
Cadmium <5 9 - 16 <5 <5 - 0. 41 !
Boron 2,550 2,750 2,650 5,800 4,900 5,400 5,400 4,6C0
Iroa 17 10 14 8 1 6 g 10
Molybdenum 81 64 72 147 129 134 137 10 | ~
Auminium 133 44 88 10 95 1 «36 10 A
Copper 15 21 18 8 1" 6 8 b )
Nickel <5 <5 - 8 <5 <5 - 2
Lead <10 <10 - 21 <10 15 15 0.03
Strontium | 2,500 2,450 2,480 1 3,150 3,050 2,700 2,970 8,000 .
Ratios of Flemental Concentrations to Total Salts (salinity x 106)
Zino 2.1 1.6 1.9 1.4 1.1 1.2 1.2 0.29
Cadmium - 0.52 - 0.44 - - - 0.C032
Roron 148 154 151 161 135 150 150 130 -
Iron 1.0 0.58 0.814 0.22 0.30 0.16 0,2? 0.29
¥olybdenum 4.8 3.7 4.2 4.1 3.5 3.7 3.8 0.29
uminim 707 2.6 5.1 - 2.6 0030 01.0 0029
Copper 0.87 1.2 1.0 0.22 0.30 0.17 0.22 0. 057
Nickel - - - 0.22 - - - 0.058
Lead - - - 0.58 - 0.41 ~0.4 0. 00057
Strontium 145 142 144 87 84 14 81 230

(1) Ryphen (-) indicates none detected,
NOTE: 8 elements not detected at sensitivity levels indicated

Aver»ge Ocean Value

Arsenioc 50 mg/litre 3 pug/litre
Barium 50 sg/litre 30 ug/litre
Vanadium 10 ag/litre 2 pug/litre
Manganese S ug/litre 2 mg/litre
Cobalt S Aag/litre 0.1 ag/litre
Chromium 5 ag/litre 0.05 ug/litre
Beryllium 3 pg/litre 0. mg/litre
Silver 1 ug/litre 0.04 ug/litre

| SN

#* Adapted from data of Professor Kor of the University of Istanbul
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Figure 3 (a},
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Plankion ard transparency in POSPOTUS,

Golden Horn

and Sea of Marmara, Octoter 15, 1257

Stgtion
Number

Sample
taken
at

Vater
colcur

Trans-
parency
(seiche

disc)

Bottom
deposit
(g per 200 cm

3

Ragults ol Plariten
Analyaie

1

Coluabahce
(Bozporus )

Surface

5 m
depth

Dark
Blue

5.

2.3

3.2

oy

Algaeaiype nlarktoin:

like Teratiun {0, Trirsz’
from "irofla~2ic anid
Peridinium are prel-cinant,
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-os A .
(F. ziveriens) ere fowa
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VO v
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Eyup

(Colden
Horn)

Surface

Dark
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Green
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Highly pzlluted. “cniains
botanical reaidues and
parasite oges. “he prec-
ence of Tintinus

(T. Inquilinus), Cerasiu=s,
Diatomaes and Copspodes nz
observed,
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Kasimpasa
(Golden
Horn)

Surface

5m
depth

Dark
Gray-
Crean

3.8

2.6

Infusorias, i{.e. Ciliatas
are predominant., Ceraiiur
(C. Mirudinella},
Peridirium (P, Mvirgens
and Chetopodes are aiso
found,

Infusorias, i.e, Cilistas
are predominant. Ceratium
(C. hirudinells),
Peridiniun (P, Iiversens)
and Chetopodes are ulse
found,
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(Gelden
Horn)

Surface

m
depth

Dark
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Oreen

3.5,

2.)

1.8

Dinoflazeliates {Teratiur
Tripos), Matcraes and
Peridiniums are founi io t=
in majority. Cempanuiins,
Tintinue and Ccpepcles are
also otssrvel,

The same &3 surface sa.p @,
Absence of Copopodez i
the additien of Froto-
ciliates.
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Plankton and transparency in Jcsporus,

Figure 3 (c),

Golden Zorn and Zea of Farrara, Ocicver 15, 1967

Jtation
Murber

Sample
taken
at

Water
colour

“rans-
parency
(seiche

disc)

Bottom
deposit

(g per 2CC cm

3

Results of Planiiten
Analysis

8

Princes!
Islands

Surface

Klackish

Sm
depth

Tark
Blue

8.0 m

1.2

0.8

Dinoflagellates (C, Trijos
free Copepodes and
leptostrucaes are pre-
dominant. Campanulinas,
Ceratiwms and Faridiviums
are also cbrerved,

Ceratiums, Carmpanilerias,
Zinoflaxnallates ars pre-
dominant., Liatomacs,
Cumucaes {B, Scorpiocidae)
and Cecpepodes are also
observei,

Princes’
Inlands

Surface

Tark

Sm
depth

Blue

8.80 m

0.6

0.6

Piatomaes, Infusorias and
Camparulas arc pre-
dominant. Amphipsdes,
Copepodes and Periirichas
are also observed,

Dinoflacellates, Ceratiuns
and Copepodes are pre-
dominant. Tiatcmaes,
Tornarias aid Tintinus are
also cbserved,

10

Of fashore
(Cadde-
bostan)
¥armara

Surface

Greyish
Tark

Sm
depth

Rlue

8.25

1.2

0.7

Dinoflagellatec, Ceraiiums
and Trochophores are pre-—
dominart. Ternarias,
Diatomaes {B. Sin riiz,
C. Decipien) and Tcpepcdes
are ob:=rred,

Dinoflazellce:
Platomaes, Terwt
Chetopores zre yredemi
Tintirnus, Peridiniun,
Leptosirazs /etalia ®ipzz)
and Elitra are also
obgerved,
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