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ABSTRACT -

Four {ypivel Indoreson convtr - Jokorig Bry, Malecor ond Makesiar Sraits, ar weil ar Sotith coart of Yopvakaria,
Central Jova, were murreved v Avugurt [RED and May T984 with the purpose of sowesang, quantifvirg and jdenti ring e
sivanded thereon. The esfimarion of lor pellstion war defermined wiing  D/pical itarifical methodoiogy bared on o sratified

ranclom smpling. Ceantggtive beach saorpiing. conducted in Atgier

192 during the Bxet monsoon’ searom vielded moerage

simanded Beech o concenfrafions ranging froem less than | glm to about 2 500 5o fvales i gross weight] of shoreting, The
valeer obnnned in May 1984 after the West monsoon navged befween 28 ad 9500 g/ie

in the bavi grineeyes, phe prost poffcted ares wes foorted @ the Kepedaer Seriln are (Jobaria Bayl Averoge for weight
af awer 2 kgim beach ave commyuarahle ro that of otieer conar elong ourjor terker rogrer gy K vt or Benvuds.  Ofoerved tor
polfufion fn Pk Kapel Beser, Labon Kecil, Mrup, Peloopong end Takorg Keerl (in the Srealts of Molecen) and Langss Begeh
fom dhe Stroitr of Mokepsr) wes Jower dring there savevs. The reason why ingite of el devso marine Baffic i5 nof cledr,
urml one examines the inlernad corrent circwlation berween the lands, the Tocal propraphical faatures of the site und preferen

tial wird directions,

L INTRODUCTION

0fl 2naters the merine environment from va-

rious gources, e.2. from the accidental and imtentional -

relexsa of petroleum wastes during the production,
tranaportation, refining and the use of fogsl] fusel, od-
¥ection through tand run-ofl and domectic/industrial
olly wuste discharge. Uil contamination in the marine
environment are among others in the form of strandad
tarball on besches and floating tar residues, which has
had -weathering sequences of physical, chemical and
biologleal processes. Accumulstion of ofl comntami-
nants are strongly dependent on the propraphical,

hydrographical and topographical features of the
coastal wafers,

1) PPPTMGE ~Lemiges” Jakarts
2) CHEXO/Contre Ocsanclogicus g9 Brategrs, Srert

Indonesis is situsted hetween 959 and 1410
longitude and between 6 North and 119 South lat-
tude. It composes of 13,677 ldands snd has a totsl

‘cosstline length of approximately 81,000 km (Soegi-

arta, 1983 %

Being located on the equator, Indonesia has s tropleal
climate with temperate and stable temperature in the
range of 207 10 329 C. The climate is completaly con-
tralled by monsoon, where seasonal wind blows in
turns every half vear. The monsoon wind blows during
the month April to October from the Southwest and
during the remaining of the year from the Northeast.
Wind are important for the vil slicks and floating tar
drifl direction, however water surface currénts play &
bigger role. The most suthoritative waork on surface




currenis was done by Winky (1961) and has been
condensed as sten in figure 1 and 7,

The distribution of stranded tarball on beach-
s has already been identified as a regional probiem in
the Southeast Asian countries by various internatio-
nal and reglonal meetings. Since more than 905 of
the crude oil supply for the Pugific Countries, particu-
lardy Japan and the United States, is shipped [rom the
Middle East through the Indonesizn and Southeast
Asian Water. Masu-at.al, {I975) have indicated that
ofl lumps and pelagic tar have been covering a large
arez of the Paclfic and Indian Ocean following the ge-
neral pattern of tenker routes and the surface cur-
rerits, 38 Indicated in fgire 3.

Numerous loading and unloading poris and re-
fineriez are located on the East Coast of Sumatm,
West Coast of the peninsular Malaysia as well as the
West Coast of Sabah and on the islands befonging to
Singapore and also productive oifshore fields which
are located in this water.

Oil in Indonesta produced by Pertamina and
its 79 contractors has reached & total amount of 485
million harrels or a daily average of 1.3 million barrels
per day in 1982, which include the offshore produc-
tion of 44%, Oil is exported mainly to the Far
Eastern Countries (0.55 million barrels per day) and
to the West Pacific Countries (022 million barrels per
day), (Department of Mining and Energy, 1982). The
oil transportation pattern, location of important pro-
ductive offshore fields and refineries is indicsted in
figuire 4.

Stranded tarball on beaches has been reported
in some islands and heaches ol Indonesia. Toro at.al,
(1982) from the National Ocesnology Institute ob-
serves this phenomena in Kepulavan Seribu since
1978, while Suryowinoto (1982) from the Gajih Ma-
da University has reported that stranded taeball has
been occasionally oocured in the Scuth Coast of Jog-
jakarts but systematic ohservation has not heen con-
ducted,

Oil in sediment has been observed by Baker etal.
(1980 in Kepulauan Rigu.

Under the framework of the Franco-Indonesis
Joint Research Programme on Oceanology, LEMI-
GAS and CNEXOQ have cxeccuted s Joint Study on

Tarball Occurrence 1 [ndonesian Shores with the oh-
jective to quantily the dynamic of ail pollution on
different coastline and trv to identily by qualitative
anglysis the possible origin of the oil pollution
through the strandad tarball. Based on the considera-
tion of the existing tarhall reports, prevailing currents
ofl activitios location and shipping routes, fouwr rest
siles mumely the Kepolavan Seribu, Kepulsuan Riau,
the Southern West Coast of Sulswesi/Langga Beach
and the South Coast of Jogjakarta has been obsorved
and surveyed from 13 of August to 3 of Saptem-
ber in 1952 and from 379 10 1 7tH of May in 1984,
There is a different monsoon between these two
sampling periods. The periods of May - October is
usually called a3 Esst monsoon ind on the other hand
West monsoon is in the period of December - April.
S0 the joint survey s very beneficial becausa the ob-
tained data are successively callected in o part of cach
MOnsoon.

1. IMPLEMENTATION OF THE SURVEY

ILL, Kepulsuan Seriby

Kepulauan Seribu or Thousand Islands Asrchi-
pelago i located in the Java Sea at about 40 km
Northwestward from Jakarta ( Fig. 6 ). This archipe-
lago is mainly composed of six islands : P. Pari (which
ia the biggest), I'. Tengah, P. Kongsi, P. Tikus, P. Ti-
dung and P. Burung surrounded by o coral reef dal|.
miting an fnlernal lagoon. The main shipping line to
an from Jakarts harbour goes Northwards the vicini-
ty of Pulau Pari while the Northwostarn part of the
archipelapo s ocoupied by offshore cil activities.
According (o these festures and the importance of
P, Pari as a scientific research sdation in oceanology,
P. Pari had been the main focus in our tar ball study.
IL2. Kepulavan Risu

Kopulauan Riau is an archipelago of mere
than 100 islands situated South of Singapore lsland in
the Malacca Straits Main internaiional lanes connec-
ting both the Indlan and Pacific Oceans lie between
those [slands and Singapore. Some of thesa islands
(P. Pemping, P. Kasu. Kepala Jernih) were polluted
by the Showa Maru oil spill in 1975 (Baker ctal,,
1980), The sampling was done on sandy areas of five
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ds locaned in the wicinily of the straits (figure 7).

Pulay Takong
in the principal sirai
Pulau Pelampong

Pulau Nirop

on the Southeastarn
it part of the strait
Pulay Kapal Besar

Usually these islands are mainly occupied by
mangrove essentisly composed of sonneratin and rhi-
“gophora and the sandy beaches are of small extent.

- They are also domingntly influenced by strong tidal
- gurrents,

113, Southwestern Coast of Sulawesi {Langgn |

Langga beach lotated shout 180 km North-
ward from Ujung Pandang s the only iesr sive sr-
weyved in iliis area. This sandy beach is a represenis-
tive arca of chronde torball pollition résulilibg Trom ol
frunsportativn in Makissa strabs.

.4, South Coast of Java

The studied area is located in the Southern
Coast of Jova near Yogvakaria, 10 is muinly composad
of the beaches of Kukup and Krakal. These beaches
are well exposed to the open ocean swell, They are
composed of & sundy Mat limited in thedr eastern and
weslern part hy rocky cliffs.

M. QUANTITATIVE ASSESSMENT OF TAR
POLLUTION

L1, Sampling Methodology

The alm of the developed methodology is to
ohtnin an cstimation as precise s possible of the quan-
tity of stranded far over a delermined fest™site in
taking into oecount that the tar loading are nat hodmo-

genenns (very high density varation may appear on-

the samec beach). The stratified rindom sampling
adopied in this study has the advantage of giving &
good preciston of the estimated mean and of notably
minimizing the vadance of the mean.
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Briefly, this methodology could be divided in-
to two steps !
® The first siep consists of making a rapid re-
connaissance of the test area in order boodivide
it into struty represenfalive of 4 (ype of poccu-
miulation (i.e. very high, medium, low, very
low) each of which is internally homogeneous.
* The second step consists in selecling, -In
each siratum, & random sampling composed of
o samples of the total gross weight of tar
collecied in a transect of known width (gene-

rally | m) perpendicular to the water line
from the fower part of the investigaled zone

up to the upper part of the beach., The values
are expressed inopross weight of tar balls (oil,
sand or other litter), By 3 further extraction
in {aboratory, it 15 possible to pass from the
pross weight to net weight of hydrocarbons,

112, Analyticul Aspect of the Method
Tar poflution on besches sre determined by

. the estimation of sample mean and confidence lEmits.

The symbolein the formulas used are defined a5 follow-
- . The soffix h denstes the name of stratum,
. The suffix i denoies the unit of zampling in
ihe stramuem.
N}, = length of the sttum h (unit =meter L
. iy = total number of sampling units taken
in stratum h.
. ¥ ® value of the i ™ sampling unit in stra-
tum b,

Stratum Waight Wi =Hl~lh

i
Sampling fraction in gl.l: stratum ; fj, =5

Wit »
Emﬂpkmun:?h= - -“h]:

Total length of test zite (1. strata) :
M= N N R T + ML
(Equal to the sum of the length of all strata )l

Estimulion of standard deviatlon (Sg) In
gtratum h :

iy
‘l-.=\jI1TJ i‘E (Yni - Yo)* of
A —1 :




In ubtained frum Student’s tables for prob-
ability p and the number of degrees of free-
dom ng,.

- Optimal Allocation.
In order to minimize the variance of ¥,
a total number of sample units n, ny, must

!h=\jml_ 0} vl oo (FxpR
Estimation of the whole population -
fu-g ]\‘h?h

Estimation of mean per unit over the whole

Ny be - By
1 h2h i B
lat il . -
PApIADO Vg ™ N b fp=n
Total estimation of populstion : Y, =N.¥,, B9y
Estimation of variance of ¥, : =
Comparison of Results.

For _f!gt und ?IS‘IJ two meuns obiajned
from two different sites or from the same
gite at two different tims (dates), the confl-
dence limits of the difference i caloulaied
28 follows :
(Vg —?zn?iip-\{:zf‘i'm]* (V)

Iy obtained from Students table for the
probability p and number of degrees of
freedom V = Oap + a7

I3, Results and Discussion

The general estimation of stranded tar pollu-
tion on the test sites surveyed in August 1982 and n
May 1984 is indicated on tahle 2,

Table 2

COMPARISON OF TAR POLLUTION ON INDONESLIAN BEACHES
in August 1982 and May 1954

V)= s f'-’,:l-; AW i)
- Estimation of variance of the whole popu.
Tation : V (Y, ) = N2V (T,,).

Approximation of number of the degrees
of freedom of 5 (Yy,) :

2 ﬂh--ﬁ)z
= é . whanga‘-ﬂhﬁa?-.]
Gt
. E:;nﬂdnnu limits of Estimated mean =
Vaettpxs (Ty)

g

{ data expressed in g/m )

: 1983 survey 1984 survey

- i mean in medn in mean in mean in
Geographical location gross wejght et waight gross weight net weight
Pulau Pari South [02 45 250x114 5471304 1123 %R/58
PulauPari North 2867 £ 840 159155 9554 * 5079 1880 £ 1224
Pulau Tikus 61,1494 18,1 2108 861373 198%08
(reneral estimation at
Kepulauan Seribu Bi2,7%219 671153 2460 L 1349 494 2270
Pulau Takong 98t18.2 B.1417 S36LET76 13,7+198
Pulau Pelampong 152165 T6LE2 6.57 0,95
Pulzo Nirup I e ol T g5to0 5.21 £9.54 .68 310
Pulau Labon Kecil 951137 55%70 2E511.88 1022047
Pulau Kapal Besar 2411207 113210,1 41,2+378 18341658
General estimation at
Kepulauan Riau 154154 T8t34 16032124 480295
Makagsar Strajts (Langgs) 5682365 307121 226t03 9,08+332
Central Java coast (Kukup) <] 75827 3,13%253




The data {mean znd confidence limils) are ex-
pressed in greim per unit beach length (g/m ) of eolles-
ted tar residues befure {values in gross weight) and af-
ter removal of non-petroleum compounds in the tar

“samiples (values in net weight). The variabiliiy of coas-
3l pollution is depending on many factors as time of
observation, geographical loction, currents systems,
mgteorology, monsoon, oil and shipping activities.

[IL3.1. Comparison of dats expressed in gross and
net welght

The presence of non-petroleum inclusions in
the tar sumples (shell, sand, watér, seaweeds...) infla-
ted the weight of strandsd tar 3o that the actual
petroleum compounds may represenl somelimeés a
low percent of the reported weights. During our fleld
surveys we collecied aboul filty tar mmple randomly
distributed on cach station of the studied test sites,
Ol gomtent in tar samples was determined by chemical
anslywis (soxhlet extraction) in order to express the
poliution level in net weight, The ratio méan in net
weight/mean in gross weight is ranged from 0.06 to
0.75, 5o the data expressed in net weight represants
respectively about 40% (average value 41 4 * 20.8%)
and 30% (average value 28.7 ¥ 10.1%) of the vahues in
gross weight reported in 1982 and 1984,

Looking only on the data expressed in gross
weight may lead to incorrect evaluation und compar-
son between the pollution level on two sites when the
values are very closc. In this study the results express-
ed in gross or net weight Jo not chunge the order in
the pollution level of the studied sites. In the order
points of the discussion. only the valoes expressed in
gros weight will be wsed. However it is interesting 1o
indicate the sverape net oil content in the gross
weirht which is in the amount of 29.7%.

I13.2. Comparison of Pollution level in studied sites

In 1982 snd 1984 surveys. Kepulavan Serfbu
in Jakarta Bay sppeared to be the most polluted area,
in compartson with the other surveved areas, With the
values expressed in gross weight we observed a flug.
tuation of tar pollution doring the two seasonal sur-
veys In Kepulauon Seribu,

At the sampling times, the two islands, Pulau
Pari and Pulay Tikus, surveved in this ares were cha-

ructerized by a great difference in stranded tar hall
accumulation. The reason why more tar was depo-
sited on Pulsu Pan than on Pulau Tikus was not clear
unbil ong expmines possible internal eurrent circula-
tien inside the lagoon, locn] geographical features of
ihe-site und preferential wind dircetion. The northern
cosst of Pulao Parl is sliuaied near the main shipping
lines to and from Jakara and is directly exposed to
tha tar pallution coming from the oil wastes and ship
spillage discharged at sea. On this area pollution ap-
pears in the forny of large agglomerated ofly paiches
several cm deep continuously distributed at the upper
tidal zone, The soithern coast of Pulay Pad showed
an aspect of tar pollution which |s different from the
one un the northem coast. Accumulations of tar an
the heach are vary often dispérsed at random. Usually
pily residues were composed of small tar balls and ol
patches were ofién Iving on the sea bottom at low ti-
dal zone. Some samples were relallvely solt whereas
others were as lard as bituminous coal.

On this side, we ohserved also a lot of plastic and rub-
ber wiilés probobly coming from indostrial diz-
charges in Jakarta Bay, Oil pollution in this asea
seemned to be related more likely to local shipping ac-
tivities (fishing and local transportstion) and petrole-
um discharges (Indusirial and oil termine] setivities)
in Jakaria Bay,

In the case of the “Malscca Straits™, it could
be very surprising to find that pollution in front of Si-
ngapore Harbour and in reglon of such dense s marine
trafflc s less than that at the other sorveyed sites.
The reason for this could be explained by the pre-
génce of strong tide currents. In fact, | #ems that the
small visited istands abserved in the region do not act,
13 Puliu Pari docs. sz a trap for hydrocarbons. This
was obscrved b Pulay Takong in the Middle of the
Struits. Fresh tars were coming with the flood-tide
and going back with ebb-tide and the strong drift
associzted fo ii. [n fact the same portion of the fgdand
ahore showed o complete redistribution of tarsin 24
although the level of pollution in welght had not
changed,

The general pollution in the Straits could be
elsewhere and located south ward along the coasts of
Sumntre and Bangka, northward along the Sumatra
and Mulaysia coasts and maybe in some other beaches



of the other island in the Kepulauan Riau.

In the case of South Java the pollution is too
light to be considered. It seems that it is hecause of
the very stromg action of the Indian ocean swell, the
poliution cannot stay on the beaches. On the other
hand, this region is certainly not subjected to chronke
pollution but to occksional one.

To summarize this discussion, Pulay Pari aet.

ing as a trap could be considered as a good test site
for further investigation. The chronic pollution on the
Southern cosst may be due (o the general (raffic in
the region,
The pollution of the Northern coast seems to be link-
ed to & particular incident also linked to the traffic. It
could be interesting to test the gradient of pollution
from South (bay of Jakarta} to North (Northern is.
lands) in the Seribu archipelago.

MI3.3. Evaluation of coastal pollution between 1952
and 1984

We observed an increase of the lar poliution
level in Kepulsuan Seribu ares by = factor of about
three times between August 1982 and May 1984, On
the other sites no characteristic fluctuations in tar
loading were noted when compared to the two sur-
veys. To summarize this part of the discussion, Palyu
Parl in Kepulauan Seribu area, acting as a trap of all
wastes discharged a1 sea, could be considered as a
good test site for [urther investigations. The Increase
of deposition in May could be due to changes in coas-

tal circulution patterns and wind direction during the
northwestem monsood.

Lt is possitle with the approach of monsoon
conditions, that the il wastes and ship spillage float-
ing at sca for sometimes are washing ashore in 3 great
deal during this time. The pollution on Pulau Pari
seems to be linked to (he general traffic in the région
of u shipping lane to the harbour of Jakarta,

in particular on the northern coast, the ofl de-
positions were found in soft or melied conditions due
lo heat and get mixed with sand to form large tamps
continuously distributed along the beach. So it could
be interesting to test the gradient of pllution from
south (Bay of Jakarta) to North (Northemn islandz)
in Kepulavan Seribu,

L34, Comparison of poliution level on Indonesinn
coasts wilh some reference data

Table 3 sumumarizes the results ohtained
during our two surveys in lndonesia and PEOMLS [0
make 3 comparison with results obtained from the li-
terafure. The general estimation of tar pollution on
Kcpulauan Seribo (n 1982 survey is comparable to
that of other coasts along major tanker routes a3 Ku-
wait or Bermuda while the valees determined during
obr 1954 survey are amung the most polluted sites as
Medilerrancan coast of krael, Pollution levels obsarved
along Malaccs and Makasesr Struits sre comparable
with the less polluted areas such as Trinidad and To-
bago coasts.

Tahle 3
Estimation of Stranded Tar Ball Pollution on some Geopraphical Areas

mean weight max, weight

mean weight  max. welgh

Locatlon date Reference

@m?)  (gm2) (g/m) (8/m) )
Cape Cod (USA) 1958 45  (4) Dennis).V, 1950
Mzlacea Seraits 1984 1.2 la (1} CHNEXO-LEMICAS
(Indonesia ) report (prelinvinary )
Trinidad and 1980 4 3000 (5) Georges et.al, 1983
Tobago
Gujarat (India) 1974 500 2375 {3) Georgesetasl 1983
Meksssar Straits 1984 1,7 23 CHNEXO-LEMIGAS
(Indonesia) report (preliminary )

{continuad )
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Tahle 3 (continuation )

North Brittany 1982

(Frumce)

West Brittany 1984 74
(France )

Bermuda 1973
Képilauan Seribu 1982
[Indonesia}

South California 1978

Kuwait 1977 203 G290
Kepulauan Seribu 1984 363
(Tndanes )

Mediterranean 1977

coast {lsrael}

Gulf of Guines 1980

190 5500 (6) CNEXO report
1983
260 540 (6) CNEXO report
1983
T00 (7) Butlereial. 1973
811 25000 (1) CNEXO-LEMIGAS
repart
4700 (3) Straughun 1979
1280 {9) Oostdam e1.al. 1978
2460 CHEXD-LEMIGAS
report (preliminany)
3625 {10} Wahby 1978
o100 40000
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Surface Currents and wind in June
K. Wirtky, 1961
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Figure 2 Surface Currents and wind in February

Source: K. Wirtky , 1961
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Figure 3. Oil Droplets and Surfoce Currents
in South and East Asian Woters.
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