3.7 Bottom Sediment

(1) Purpose
‘The purpose of bottom sediment observation is to clarify the horizontal
distribution of bottom sediments in the sea around the Abu Dhabi Island.

(2) Observation Location

The Qbsefvation _locations are'shown in Fig. 3.7.1. 20 locations were
selected so that-the distribution of bottom sediment in the sea around
the Abu Dhabi Island could be ascertained generally.

Arabian Gulf

PR Stalion ==

d Rem

Fig. 3.7.1: Observation Location of Bottom Sediment
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{(3) Duration of Observation

The duration of sampling is as follows ¢

1} Second Field Survey -
% Qctober, 1988

2y Third Field Survey
% February, 1989

(4) Method of Observation

The bottom
Mcintyre type (sampling area !
method as shown in Fig. 3.7.1
(5) Results

1) Second Field Survey

sediments were sampled with a bottom sampler gf
0.05 m?) and were examined in Japan by the

the Smith-

The resulits of bottom sediments tests are shown in '?ables 3. 7.?(1) to
(3). The basic statistical table of _bottom sediments is as shown in Table

3.7.3.

Table 3.7.1: Analj;tica'll .Methdds of Bottom Sediment
Parameter | Het_hod‘ Reference |
Appearance Visual Inspection o o W —
Color Comparison with standard soil coler note | 9
Grain Size Meshes . and sedimehtatidn'test 10; :
Specific Gravity Gravimetric analysis with picnometer i1
Specific Surface Calculation from size distribution and o
" Area specific gravity ‘ '

Total Organic Carbon | Potassium bichromate titration method 14}
0il Content Infra-red method o 1b)
(Quantitative) : : ‘
0il Content FID Gas Chromatography Method 16)
(Qualitative) '
Mercury Atomic absorption method “12)
Lead Atomic absorption method R VAN
Cadmium Atomic absorption method 12
Chronium Atomic absorption method 12;
Copper Atomic absorption method 12)
Zinc Atomic absorption ‘method 12}
Stannum Atomic absorption method 12
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'I‘a_ble 3.7.2(1):

Analysis Results of Bottom Sediment in Second
Field Survey (Sampling in COctober, 1988)

Sito
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-4 -8 " 1€ 4 5-A 58 5¢ 1
Paramler _ .
fppoarance |81t { Sond sift Sand silt Saod with | Silt Sand
_ : : Shells '
1Caloc - VS 1.545/2 10¥5/1 106Y4/1 GYH/L 106Y4/% 106¥5/4 10v6/2
. Gray Grayish Gray Bark Grecn- | Greenish Dark Green- | Groenish Olive
: - Ofive ish Gray Gray ish Gray Gray Gray
Stze -(%4) .
Bistribution’ : : :
Pobbles 2.0 Ll 1.0 2.8 5.5 10.0 1.2 3.0
Granules 5.0 - 0.2 1.1 0.9 2.3 11.0 0.1 1.0
¥. Coase Sand 6.0 0.2 2.3 © 03 2.2 1.0 B W 2.0
Coase Sand 10 o kA 2.9 0.5 1.0 10.0 3-0 - 60
Hodiua Sand < 8,4 < 26.5 . 2.5 2.5 1.5 3.3 1.1 430
Fing Sand 2.5 i0.5 2.0 §1.5 3.5 2.1 4.8 9.0
V. Fire Sand - { . 11.0 ~ 9.9 16.0 2.5 1.0 X 5.0 1.0
- 8ift : 61.0 3.0 T2.5 12.0 61.0 6.0 .0 23.0
Clay 0.0 0.8 6.0 19.0 0.0 10.0 0.0 6.0
| Seecific _ ' ‘
Gravity - =) A A {1 ALY 2 212 21 2.1 2.0
Specific Surface Co ) : : ;
Area - ( si/g) 0.44 0.3 - 0.5 0.3% 0.5 - 0.18 0.8 0.23
g (ppm). 0.09 0.03 - N ¥ <0.0} 0.04 0.06 0.16 0.02
Ph (ppu} 6 '8 8 3 - 3 2 4 2
€d (o)) 0.1 .1 <0.1 0.1 .1 .1 0.1 0.1
Cr (pr) 16t 11 62 1% 4 i 1% 1M
o (s} 16 16 21 ] 11 3 2% 6
Ta (o) 4] i1 % 12 12 8 18 10
Sa (ppu) <10 <l <0 <10 <io <6 <10 <10
CPNG G0 090 ©. 052 1.19 .66 1.3 0.3 1.2%6 0.28
01 e | 50 K3} $H 46 A 81 1
u-Parafine *
Peak Ratio () :

N PR 0.1, 2By 0.2 - - 2.1 0.2 0.4
Lis - 0.2 0.2 - 0.2 N | 0.4 0.1 0.3 0.2
Cie A ¥ 0. . - 0.1 0.1 - 0.2
Ciy L0 1.0 LG 1.0 L0 1.0 1.0 1.0

G 2] %1 2.5 .0y 0.5 0.3 0.5 0.6
= Biy 0.7 . 0.5 0.5 0.1 0.3 6.3 0.5 0.4
L10 0.5 0.4 9.5 0.1 0.1 0.1 1.3 0.2
Cir - 0.5 - 0.4 0.3 8.2 0.2 0.3 0.3 0.2
Oz 0.2 0 D2 - - - 0.5 -
Lag SN 0.1 - 0.2 - - 81 - 0.2 -
gu 0.3 - b1 0.2 - s - 6.3 -
» T O I . . - . -
€Czs < 0.8 .2 0.3 0.1 0.1 - 0.1 0.2
€22 0.9 - .5 0.5 0.2 - 0.6 0.2 0.7 0.4
LT 0.8 4.9 1.0 o 2 0.5 8.2 0.8 0.6
ey -89 "0.4 0.5 ¢.1 0.6 - 0.2 0.8 0.4
30 S 4.1 1.8 - L1 2.2 10.8 5.7 2.2
{;il‘ : = 0.5 _1.0 1.2 N 1.4 3.8 4.0 0.6
L'Cn . B i.5 1.3 1.3 1.8 44 6.5 1.2
Noles: Size Clagsification : [ Parlicle Size (m) Remarks: Dry Base
. Pebbrles - 4G
Granales 2~
Very Conse Sand 1~2
~ Coaso Sand 12~
Yediue Sand 1/4~1/2
Fing Sand 1/8~1/4
Very Fine Sond 1/16~1/8
St 1/256~1/16
Clay <§/25%




Table 3.7.2(2): Analysis Results of Bottom Sediment in Second
‘Field Survey (Sampling in October, 1988)
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Site : ) B . - .
' 8 4-A 9B 12 I3 4 15 16
Parameter . L
fippearance Sand Sand Samd Sond with Sand Sand Sand Sand -
Shells _ By :
Color 1064 106471 . | 596/3 5Y1/3 100¥5/1 106471 NG/ 1 9v6/2
Dork Green- | Dark Green- { Grayish Light - Greenish Dark Grecn- 1 0live Grayish
ish Gray ish Gray Blive Yoliow - Gray jsh Gray Yellow - Olive
Size {%8) '
DMistribulion o o
Pebbles 4.6 4.0 LY 6.5 R 25 2.0 3.0
Granules 33 1.0 - 9.9 3.0 a0 1.1 1.0 38
V. Coase Sand 8.1 6.0 16.0 8.5 - 109 2.3 6.0 4.7
Coase Sand - 56.0 i6.0 %0 3.5 C 3.l - 410 R 48.5
Fodiue Sond 15.0 4.9 o By By s L US () %4
Fing Sand’ 1.0 4.2 5.2 1.5 2.2 4.0 - 15.8 1.6
V. Fine Sond 2.5 3.8 3.0 2.3 2.0 6.0 . 8.5 2.6
Silt 8.5 1.8 1.5 0.2 - 41 - 5.0 1.5 0.0
Clay 0.0 14 0.0 0.¢ 1.2 0.0 - 0.0 0.0
Specilic : . . : : : ‘ o SRR
Gravity {-) 2.72 2.4 2.1 28 |- 278 - 214 296 - 21
Specific Surface _ - o S DR
Jhrea  ( d/g 0.16 0.7 0.0053 0.0043 0.17 0.31 o0 -1 000 -
g (ppm) .01 0.62 <0.01 <) 04 .0} - <00l )0} .00
L] (pp=) 2 2 i -2 1 3 3 o2 i S
v} (ppa) 4.1 @01 .1 il Nt - a.1 .1
Cr {ppa) 140 100 89 51 5% i 6 - N
Cu {ppa) 4 3 2 i I V2 -5 11 <l
Za (ppes) 8 5 4 : 2 SR B e 2 i
Sa Appnd <l <10 <10 <10 <10 <iG <|0 <10
1% G | 040 0.29 6.12 0.17 0.43 SU0.60 1 043 g AT
0il (prm) P\ 6 8 8 8l 5 K] 2. -
n-Parafine
Peak Ratio {-) : . . - e
Cia 0.1 0.1 1.2 0.9 - 0.t - 0.6
Cis Q.2 4.2 0.4 0.6 0.1 0.2 Q.2 0.5
Cie 0.3 0.1 0.3 0.4 0.1 - IR 0.4
Civ 1. 1.0 Lo 1.0 1.0 - LO - 1.0 LG
Cin 0.2 0.1 0.3 0.3 - - 0.2 N 6.4
Cis 0.2 0.2 0.3 L1 - 0.2 S | 1.1
Czo LG 2.5 6.2 - - 1.1 14 0.8
Cay 0.2 0.2 0.3 04 - 0.2 0.4 - 0.3 0.4
Caa 0.2 0.2 - 4,1 01 a1 - <03
Ciz 0.1 0.3 0.2 . 0.3 0.1 - 0.1 0.4
gu - - 0.2 0.4 - 0.1 01 0.8
75 - - - - - - - . R
Cae 0.2 - 0.3 0.2 i.4 0.2 - 0.2 D4 2.5
Caq 0.5 0.1 0.3 1.0 0.1 0.2 - 0.9 1.3
Czs 0.3 0.3 0.3 0.4 0.1 0.3 - 0.2 0.8
Cae 0.5 0.5 0.5 0.5 - -0 0.2 s 0.9 1.8
Cso 1.7 2.2 4.2 1.1 0.4 1.4 S I X BN
Ca 1.4 1.6 0.5 0.4 0.1 1.2 - 0.2 - 0.4
Caz 2.1 2.3 1.5 1.1 1.3 1.5 - 0Y: 13
Holes: Size Classificalion Particle Size () Remarks: Dry Base. .
Pebbles 4~64 o : .
Granules 2~4
Yery Coase Sand I~2
Coase Samd 1/2~1
Yedlus Sond VA2
Fine Sand 1/8~1/4
Very Fine Sand 1/16~1/8
SikL 1/26~1/716
Clay <1/25



Table 3.7.2(3): Analysis Results of Bottom Sediment in Second
‘ Field Survey (Sampling in October, 1988)

o Sitef -
' 19-4 19-8 -4 208
Paramalor : . :
Appearance Sand Sand Sand Sand with
: _ : | Shells
Color - SRR 1V I B (115 10866/1 10865/1
’ Dork Bloish § Bleish Bluish Bluish
Gray Gray : Gray Gray s
Siza - (%5} .
Distribution _ o <
Pebbles. - 1.1 3.0 9.0 . . W
Granules 0.6 12.2 6.0 0.3
V. Coase Sand . 2.3 42.8 1.0 - 0.5
Coase Sand _ 440 .0 40 1.0
Hodits Sand 19.1 4.9 2.0 1.9
Fine Sand 1.9 21 . 20.5 4.6
V. Pine Sand 4.0 1.0 1.5 6.5
Silt © .0 - 00 - 48 24.0
Clay 0.0 0.0 12 R
Spcific” o o b '
Gravity  {=) 2.7 2.79 2.78 272
Specific Surface |- - 7~
Area - { ol/gd 0.5 0.0051 0.14 0.53
il (pp) | - <0.01 .01 <0.01 <0.01
Ph (ppm) 2 1 1 3
Cd (ppe) d.l 1 4.1 .1
r . o) i 133 A 63 253
€ “{ppa) 4 1 2 ]
In {ppe} 1t 2 2 13
Sao. Gopm | <l0 s ] <0 <10
115 {3} 0.45 01T 0.49 0,58
il (g |- 28 2 0
o-Parafine -~
Peak fatio () | . .
 Ere SUREES R | B R 0.2 -
Gis 0.4 206 - 0.5 - 01
Cia’ 0.1 0.4. - .
Cia e Ki B 1.0 1.9 1.0
TS - 0.3 X | 0.4 0.7
Cue 0.3 .4 0.5 9.3
Cee 0.1 0.8 2.4 0.1
Cey 1.0 - 0.5 0.3 0.4
Cez ™ 0.1 - 0.3 8.1
23 0.1 0.2 0.2 0.1
Cis -0t 8.4 9.2 S
Las Lo S I
G 0.1 0.7 4.3 g.1
Gy 03 1 1b 0.7 0.4
Cex 0.3 0.5 9.3 © 0.3
Cae 0.2 ;LB - 1.4 0.4
T 3.6 N K 1.8 2.7
Cn 2.5 S 1.4 0.7
TR X1 26 . 23 . 2.1
Holes: " Size Classification | Particle Size (w) ' Resacks: ‘Dry Base
© o Pebbles - - ' 4~64 :
Granules - 2~4
Very Coase Sand 1~2
Coase Sand : 1/2~1
Modius Sard 14~172
Fine Sord 18~174
Very Pine Sand - 1/16~1/8
St . - %6~1/16

Clay C<U/%6 _
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Table 3.7.3: Basic Statistical Table of Bottom Sediment in’
Second Pleld_Suxvey (Sampling in October, 1988}

T Ttem| Sample | = Max. Min. fve. S.D.

Parareter Unit Number _ o

Specific = — 0 | 78t 2.70 204 0.8
Gravity :

Specific  mi/g. 20 0.85 0.0048 0.27 } - 0.%4.
Surface Area R

He. ppm 20 0.16 <0.01 0.03 0.04

Pb ppR 20 8 . 1 3 2

Cd ppin 20 0.1 <01 | 0. 0.0

Cr ppm | 20 253 29 103 55

Cu ppm 20 26 <1 i 8 7.

Zn ppm 28 27 _ 1 R 7

Sn ppm 20 <10 <10 < ) =

T0C o, 20 1.39 0.12 0.54 0.37

0il POT 20 83 2 37 | M

(a) Appearance and Color

During sampling sediments, observation was conducted on the appearance
and color of bottom sediments to identify their basic properties.’ Colors’
were compared with those shown in- the color charts of the reference soil
“color manual so that an objective Judgment courld be made : B

Bottom sediments around the Abu Dhabi Island were sandy or silty,  ‘and
some sites showed sandy sediments including shells. Colors were -Iight
vellow at Site 12 and olive yellow at Site 15, At the other sites, the.
sediments presented grayvish colors such as green1sh gray, blu1sh gray and

olive gray.
(b} Particle Size Composition

Particles in the sediments are classified per ﬁartiele dxametef; and . the
ratio of their composition is usually 1nd1cated xn weight percentage

In both Baghal Channel and Bateen Channel on both s1des of the Abu Dhale
Island, the sediments' found on both sides of the channel showed a fine
particle size as compared with those in the center of the channel Aiso,
in the part near the sea water intake facilities of Umm Al Nar Statlon;
silty sediments were accumulated, which are considered 'attrlbutable “to
slow tidal cuarrents. : o
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(c) Specific Gravity

The specific gravity of coastal sediments is usually about 2.7, but it
increases when the ratio of heavy minerals such as iron is large.

The .spécific,gravity,was in the.range'of-Z.TO.to 2.81, and no distribu-
tion tendency-was recognized among the sites.

(@ Specific Surface Area

The specific surface arca means: the surface area of sediment particle per
unit weight. Assuming that the sediment particle is a true ball, the
specific surface area was calculated from the measured results of parti-
cle size composition and specific gravity.

At Site 9-B, Site 12; Site 15, Site 16 and Site 19-B, coarse particles
were recognized as they were washed away by strong tidal currents and the
specific surface area . was 0.0048 to 0. 0087 m¢/g, which was about 1/100 of
that at the other sites (0.14 to 0.59 a/g).

(e) Mercury (Hg)

It -is said that the amount of mercutry which exists in the crust is 0. 08
ppm and almost the same level of mercury is contained in both granite and
basalt : o

In sedlmentary rocks,;thexambunt of mercury contained in shale is about
0.4 ppm and that in sandstone is about 0. 03 ppm. The amount of mercury
which exists in soil is about_0.0B to 0.3 ppm.

Mercury: around:the Abu Dhabi Island was in the range of less than 0.01 to
0. 16 ppm and no. mercury contamination was recogn17ed

(f) Lead (Pb)

It is sald that the ameunt of lead whlch exists in the crust is 12.5 ppm,
20 ppm. 0f. lead is contained in granite and 4 ppm in basalt. In sedimen-
~tary rocks, the amount of lead contained in shale is about 20 'ppm and
qbout 7 ppm in sandstone, in soil 5 to 500 ppm, or 10 ppm on the average.

At  Site 1- A S1te 1-B and Site 1-C near the sea water intake facilities
‘of Unm Al Nar Station, where many silty sediments were found, the amount
of * lead - indicated a little higher value (5 to 8 ppm), but was in the
range.. of 1 to 8 ppm at all the sites. No lead contamination was recog-
nized. .
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(g) Cadmium (Cd)

It is said that the amount of cadmium which exists in the crust is 0.2
ppm and almost the same level of cadmium is contained in both granite-and
basalt. In sedimentary rocks, the amount of cadmium contained in-shale is
0.3 ppm and less in sandstone. It is estimated that the average amount of
cadmium contained in seil is about 0.1 ppm, though it varies largely with
regions.

Cadmium around the Abu Dhab1 Island was 0. 1 ppm Or less. and no cadmium
contamination was recognized. . o

(h) Chromium (Cr)

1t is said that the amount of chromium which exists in the crust is 100
ppm, and chromium is considerably maldistributed’in granite. (4 :ppm)- and
in basalt (200 ppm). In sedimentary rocks, the amount of chromium con-
tained in shale is about 90 ppm and 35 ppm in sandstone. The amount .of
chromium contained in soil is ‘about 5 to 1,000 ppm, and 200: ppm “pn - the
average. The chromium around the Abu Dhabi Island was in the 1dnge of 29
to 253 ppm, and no chromium contamination was recognized, '

(i) Copper (Cu)

The average amount of copper which exists in the crust ' is 55 ppm 10 ppm
is contained.in granite, and 100 ppm ‘in basalt. In sedimentary rocks, the
amount of copper contained in shale is about 45 ppm and several ppm in
sandstone. Soil contains 2 to 100 ppm of copper, and 20 ppm ‘on. the ave-
rage. : ' S

The copper around the Abu Dhabi TIsland was in the range of less than 1 to
26 ppm. At Site 1-A, Site 1-B, Site 1-C near the sea water intake facili-
ties of Umm Al Nar Station, and Site 5-A and Site 5-C near the ‘brine
discharge facilities of Umm Al Nar Station and Site 12, copper of : more

than 10 ppm was detected, thus showing a little higher:Value_aS'.compared
with the other sites, probably due to the corrosion of copper tubes. '

(i} Zinc (Zn)

The amount of zinc which exists in the crust is 70 ppm, 40 ppm is con-
tained in granite and 100 ppm in basalt. In sedimentary:-rocks, it is said
that the amount of zinc contained in shale is about 95 ppm;: about-16 ppm
in sandstone. Soil contains 10 to 300 ppm of zine, and 50 ' ppm on : the
average. ' - ' o C

The zinc around the Abu Dhabi Island was in the range of 1 to 27 ppm. At
Site 1-A and Site 1-B near the sea water intake facilities of Umm Al Nar
Station and Site 5-C near the brine discharge facilities of Umm Al Nar
Station, slightly higher values were detected as compared with the other
sites,
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(k) Tin (‘311)

Fhe amount of tin which exists in the crust is 2 ppm, 3.5 ppm is contain-
ed in granite and 1 ppm in basalt. In sedimentary rocks, it is said that
the amount of tin contained in shale is about 6 ppm and 0.5 ppm in sand-
stone. Soil contains'1 to 200 ppm of tin, and 4 ppm on the average. '

The tin was 1ess than 10 ppm at atl the 51tes, and no tin contamination
was recognized.

(1) Total_Organic Carbon (T0C)

TOC - refers .to: carbon,ln organic matter: found in sediments, and ‘it is
1efer;ed to as an index of organic contamination in bottom sedtments The
TOC value increases owing to oil contamination as well.

The TOC around the Abu Dhabi Island was in the range of 0.12 to 1.39%. At
Site 1-A, Site 1- B,  Site 5-A and Site 5-C where the ratio of sediments
" pelow the silt portion accounted for 50% or more, -TOC of ¢.90 to 1.39%
was detected,; 1nd;cat1ng a little higher value than the other sites.

-.{m) C‘i'.l. Cént'ent A0il)

The oil content is a mixture of varidus oily substances including petro-
leum base hydrocarbon, animal and vegetable oils and fats, fatty acid,
grease, ‘ete. : E

The 011 content alound the Abu thb1 ISldﬂd was in the range of 2 to 83
ppm. A high oil content was detected at Site 13 (81 ppm) and Site 14 = (83
ppm).. Also, even at sites around Umm Al Nar Station where many silty
sed1ments ex1st a little h1gher value (abOut 50 ppm) was detected.

FID gas chromatographlc ana1y51s was conducted to determine the proper-
ties of 6il extracted from sediments. As a result, the peak of the carbon
numbers from C,, to C,, were detected, and with the peaks of C,;, assumed
to "be 1.0, the ratio with other peaks were obtained. At each site of,
Cap,: Csy and'C,, indicated high values. :
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2) Third Field Su1vey

The results of the bottom sediment tests are tabulated in Tables 3.7, 4(1)
to 3.7.4(3). The basic statistical table on the bottom sediments is shown

in Table 3. 7.5
(a) Appearance and Color

Bottom sediments around the Abu Dhabi Islaﬁd were generally;kéandy or
silty. Some sites showed sandy sediments contaxnlng %hells

Colors were olive yellow at Site 9-B, graylsh whxte at Slte 12, deéﬁ
yellow at Site 16, light yellow at Site 19- A. The other sites showed
grayish colors such as green1bh gray, bluish gray, olive gray, etc.

(b Particle Szze Comp051txon

In both Baghal Channel and Bateen Channel a f1ne part1cle size distribu-
tion was recognized on both sides of the channel in the same way as . the
second field survey. Also, at Site 1-A, Site 1-B and Site 1-C near the
sea water intake facilities of Umm Al Nar Station ‘where .the tidal
currents are slow, the ratio of bottom sediments below the silt portion

3CLOUﬂt€d for 80 to 90%.

The tendency of particle size distribution in the th1rd fxeld survey -was
similar to that in the gecond field survey on the whole. At Site 14,
however, the ratio of sediments below the silt portion was 0% in the
third field survey while that in the second field survey was 32. 5% .

{¢) Specific Gravity

The specific gravity around the Abu Dhabi Island was in the range of 2. 75
to 2.85 and no distribution tendency among the sites was recognized.

() Specific Surface Area

In the same way as the second field survey, partlcles were found to have
been washed away, and to be coarse at sites where the ve1001ty of the
stream is fast. At Site 9-B, Site 12, Site 14, Site 15 and Site 16, the
specific surface area was in the range of 0.0047 to 0.0078 nf/g, which
was extremely small as compared with the other sites (0.063 to 0.82

/g .

(e) Mercury (Hg)

Mercury of 0.01 to 0.07 ppm was detected at Site 4, Site 8§, Slte 9-B and _
Site 20-A where it was less than 0.01 ppm in the second field survey At
all the sites, however, mercury was in the range of 0.01 to 0..19 ppm, and
no mercury contamination was recognized. . _ .
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Table 3.7.4 (1} :

Analysis Results of Bottom Sediment in Third Field
Survey {(Sampling in February, 1989)

~Clay

— 187 —

-Site |. : - ‘
B i-8 1-C 4§ 5-A 5B 5¢ .

Parameier - ) : :

Appeaiance 1 | Sand $ilt Sitt Sitt Sand with S5ilt Sand
o T - Lo o Shells

- ' ‘ : . .

Color SRS I 1 (-7 O i IR - R B (.5 V4 U BT A7/ | 106YS/1 10¥6/2 10GY5/1 10t5/1
o frayish Grayish Greenlsh Greenishen- {Greenish Olive Greenish Gray

: Blive Oilve Gray Gray Giray Gray Gray

Slea- - - (38)

Distribution - ‘ .
Pebbies. . 0.5 0 0 2 S | 1.5 0 13
Grantles . - [ L3 ] 1 4 13.5 0 3.5
¥, Coase Sand 0.5 85 ] | 1 115 0.5 13.5
Coase Sand 0.5 ¢ : ] LS . 1.5 9.5 0.5 21.5
fediva Sand i.5 C0s 0.5 2.5 0.5 © 128 0.5 2
Flra Sand 1 § 1.5 5.5 12 2 4.5 9
¥, :Fine Sand 18.5 18.5 - 5 - il 6.5 i6 1
Silt - 33.5 k) (L - 3.5 % 8.5 K] 5
Clay B N k3 45 K1} 4] 6.5 & 5.5

Spacific - B : : _ '

Gravity ~(-) 2.7 2.1 2.19 2.8 2n 2.1 2.n 2.719

Spaciflie Surface o o L ' - -

Area {m/g) 6.2 0.60 0.8 6.71 0.51 .13 0.4 0.1

g - (ppae} . 0.11 0.4 .19 0.2 0.14 0.03 0.25 0.06

Pb. foom) | 4 6 2 2 2 3 1

V| {pre} 4.1 .1 @.1 -1 .1 Q.4 <@.1 4.1

Cr e} AN 109 60 48 116 % 76 . 4

Cu " pem)- | 1 i I8 8 11 7 23 3

& ) | A 7 & 13 13 8 18 5

Sn 0 Gppm) | o<l «i0 <lf <10 <10 <10 <10 <10

W (34) 9.4 (.58 1.0 1.2 0.76 0.% 1.32 0.3

il - {ppm} 40 » -8 2 19 & K

n-Paraling =~ 1] - '

Peak Ratlo {~) L = : _

cif - . 0.5 63 1 0d 0.2 0.2 0.0 -0l 0.0
e 0.1 . 0.3 . 0.2 0.4 0.8 0.0 0.1 0.0
ele 0z 0.3 0.3 0.2 0.1 0.2 6.2 0.0
R Y 1.0 - 1,0 18 1.0 1.0 1.0 1.0 1.0
Cig A5 1.6 2.3 0.4 0.9 0.8 0.7 0.3
G197 0.2 S0 ©0.3 0.3 0.4 0.8 0.5 0.7
R 0.2 0.3 . - 0.3 0.1 0.3 0.6 0.6 0.3
cl S04 0.5 . 0.3 0.4 0.5 ‘1.0 0.5 0.0
G2 04 ] 0d 0.3 0.1 0.3 1.0 0.2 0.0
ca3 0:3 0.5 0.3 0.2 0.4 1.4 0.5 0.2
C24 0.5 0.6 |- 05 - 0.2 0.5 1.8 0.4 0.2
s B 0.9 il © 0.8 0.3 1.1 4.6 1.3 0.8
08 04 2.5 0.5 0.4 0.4 1.2 0.5 0.2
c21. 0.2 - 0.3 0.5 0.3 0.5 0.5 0.5 0.0
8 - S04 0.7 0T 0.4 0.4 0.8 0.4 0.2
. 02 0.3 0.2 g.2 0.4 0.4 0.5 8.0
CH 0.1 9 L2 .2 2.4 5.6 1.1 18.8
(%18 0.4 0.9 - 07 0.6 04 1.6 1.2 3.0
R {08 .00 | 08 L1 1.9 5.8 31 9.2
Holes: Size Classilication [Parlicle Size {(as) Remarks: Dry Base
Pebbles . - © A4
Granyles o ~4
Very Cossae Sand 2
Coase Sand 1R~
Hedium Sand Vi~1/2
Fine Sand : 1/8~1/4
" Very Fina Sond Y16~148.
S 1/206~1/16
< 1/%h




Table 3.7.4(2);: Analysis Results of Bottom_Sediment in Third Fiéld

Survey (Sampling in February, 1989)

<1126

—— 188 —

Site
8 L 9.8 12 13 14 B 16
Parasater N : .
Eppearanca Sand il Sand Sand Sand Sord . LETY I ) Sand
Color 10615/1 £06§5/L S16/3 {77 511 1665/1 }1.56¥5/1 a3
Greenishen | Groenishen. [ OHive Light Gray - . |Gray . . [Greenish. | Pale
Gray Gicay ©F¥ablow Geay _ Co |G Yellow
Slse (54)
Distribution S
Febbles 1.5 0.5 0.5 0.5 i 5§ 0.5 - 05
Granules 15 0 2 2 2 3 i.5 0.5 .
¥, Coase Sand 3 1.5 § B 4 il- 55 8
Coasa Sand 4.5 2.5 2.5 2.5 H %8 12.5 &8
Hediva Sand ] S8 4 4 @ LN st 3.5
Flng Sand 15 K| 13.% . 138 5.5 19 16.5 ¢
Y. Fine Sand 19.5 2.5 . 4.3 4.5 S48 4 6.5 - 2.5
sin il 18 ] % 8.5 0 9. 9
Clay A.5 i6 o 0 5.5 6 0 ]
$pecific ) : ) . ’ .
Gravity  {-) .18 .36 2.80 2.8 2.8 .8 rRE] .8
Specific Surlaca :
hrea  (nl/ g} 0.5 0.9 .0066 0.0062 12 SO R 15 {.0018 0.0047
Hy {ppm) 0.07 0.8 0.0} 0.01 Todh 04 .01 0.01 X1
Ft  Appa) { 2 i <l I 1 1 o
o - ppa) 4.1 <. - 8 | .1 d).1 Q.4 4.1 4.1
{r (ppad 1] 100 & 3 2 £ L1 B
Cu 1) 12 -1 2 1 '8 i < ok
In (pra) 2 1 4 ] § 3 2 el
L <10 <10 <10 < 411 S <1b <10 <
o 1+ ] 1.5 0.5 0.16 R 0.8 L . 0% LN Y)
-Joit (pra) 12 _ i 8 H 8 9 $
n-Parating S
Peak Ralio (~) ‘ o DR B -
Ci4 0.1 0.3 0.3 0.0 % X I R 1) A1
Cis 0.1 B.1 §.3 3.0 0.1 0.0 1.4 . 3
Cif 0.1 0.2 0.7 8.0 0.2 0.0 0.2 6.5
ci1 1.0 1.0 10 1.0 g 14 .. 10
Cig 0.2 0.4 1.3 1.0 0.3 . 0.2 - 04 . -
Cis 0.2 0.4 2.3 6.5 0.3 0.8 §.2 45
[t 0.2 0.5 1.0 9.5 82 15 X I -85
czl 0.4 0.4 3.0 15 0.4 . - 1.2 1.9 20
2 8.1 0.3 6.3 8.5 0.3 1.8 1.6 i -
(] 0.3 0.6 6.1 0.0 ool 2.3 2.0 4.5
4 0.3 0.4 - 13.0 14.0 . 0.8 33 1 30 - 85
4 0.8 1.3 14,4 S (R T Ll S % B 8.8 a4 -
% 0.2 - 0.3 50 - 10 0.3 L8 14 s
on 0.5 0.3 4.9 5.5 0.3 1.0 14 36 .
s} 0.3 0.3 5.1 X | 1.0 &0 B
v} 0.3 0.5 i1 .40 Ay S0 0 1. l0.
CX 1.2 L5 21 30 1.3 23 - 2.2 1.5
Qi 0.9 1.6 0.3 0.0 1.0 8.7 04 0.0 -
e 2.5 3.5 23 2.0 1.6 1.0 Le 60 -
Notes: Size Classification  fParticle Size (sa) Remarks: Dry Bass -
Pebbles 8 : _ )
Granules ~4 : :
Yery Coass Sand 1~2
Ceaze Sand 172~
Hediue Sand 1/4~172
Fine Sand 1a~1/4
Very Fine Sand 1/16~178
Sikt 1e56~1/16
Clay




Table 3.7 . 4(3): Analysis Results of Bottom Sediment in Third Field
IR . Survey (Sampling in February, 1989)

B Site|
S N N 19.8 20-4 20-3
Parameter : . : .
appearance |Sitt . fSad - [sie Sand
Color 83 - v 106Y5/1 106¥5/1
. HLight 1Light Gray | Greenish Gresnlsh
' o Yellow _ E Gray Gray
Size (38 _
Buslribunoﬂ : :

Febbles 0 i H i
Granules 0 1 0 1.5
Y. Coase Sand 8.5 2 i 3
“ Coasa Sand - 0.5 § 0.5 10

. Tediom Sand" &8 18.3 4.5 2
Find Sand - | ®0 11§ RS )
¥, Fine Sand 3 12 2 8.5
111 . 5 ) 13 5
Clay 3 18 13.5 1

Specific” : ' ' -

Gravily {*’-)_ 278 . 2.75 279 em

—Specll’lc Sur!ace o

krea Gd/w) | 0.0 0.4 0.3 0.14

He - (opm). .01 .0t 0.0 .01

b {opm) < 2 2 1

il -~ {ppw) .1 .1 .1 .1

tr {eom) & 3] 106 m

fu . pom} 2 -4 { 3

In. (ppm} 3 & 6

Sa - ) 1 A L el <10 <10

1M $24] 6.2 0.43 0.65 0.4

it (ppm) - 9 K4} 1§ 9

n-Paratine

Peak Batie ( } )

CH 04 - 0.8 . 0.5 0.4

AN ¥ L ey 0.2 0.4 0.4
(16 0.6 0.5 0.1 2.3

T 1.0 LD 1.0 1.0
: Cl§ 0.8 AT .08 0.6

8k 0.3 0.4 0.3 0.3

0 35 1.6 0.2 0.6

c2l 0.1 0.4 0.5 - 0.6
v - Le - 0.6 0.3 0.7
. X 1.6 6.5 0.4 0.9

v} 2.1 0.9 0.5 1.4

L. B . R 1.9 L4 - 3.0

Ch 1.1 0.6 2.3 0.5

v | 1.1 0.4 0.4 0.6

vt 1.3 - 0.6 0.3 0.6

W] 0.6 0.1 0.5 0.3

- 1.5 1.6 i1 1.9

ot - 0.9 0.3 0.4 0.5
=TT N I 19 k]

Rotes: - Slze Classification I’art{cia Slze {a) ' Remarks: Ory Baze

Pebbles o U

L Cranules 1 B IR o S

Yery Cosse Sand - -} . [ [~2.

Codse Sand , 1/2~1 ..

Hedive Sand : Y~z

Fine Sand 1/8~1/4

Yery Fine Sand 1/16~1738

Siit - _ CEE~VIG

Clay ' < 17256
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Table 3.7.5: Basic Statistical Table of Bottom Sediment in
Third Field Survey (Sampling in February, 1989)

L Item| Saiple Max. Hin. - We. | s
Parameter Unit Number B . _
Specific - 2 | 2.8 29 | 2.8 | = 0.03
Spific  mile| 082 | 0.007) 03t | 0.29
Surface Area : o
: 20 0.25 <0.01 0.08 | = 0.07
o ppm %0 6 < 2 i
Cd ppm .20 0.1 0.1 0.1 . _Q.G
0 | 18 31 0 | 30
a bom 20 73 q B
in - ppm 20 - 26 <1 v ] -8
| 20 <10 qo - ) o<o ) —
o i 0.13 RE N E
0il opm _ % L

(f) Lead (Pb)

At Site 1-A, Site 1-B and Site 1-C near the sea water intake facilities
of Umm Al Nar Station where the silty portion is large, lead of 4 to 6
ppm was detected, showing a little higher value in the same way: as the
second field survey. At all the sites, lead was in the range of less than
1 to 23 ppm, and no lead contamination was recogn:zed :

(g) Cadmium (Cd)

Cadmium was less than 0.1 ppn at all the sxtes, and no cadmium contaming-
tion was recognized. : - : - :

{(h) Chromium (Cr)

Chromium was in the range of 31 to 116 ppm, and no Chrbmium,pollutiqn'wés
recognized. o . : A

(i) Copper (Cu)

Copper was in the range of less than 1 to 23 ppn. At Site 1-A, Site.  1:-B
and Site 1-C near the sea water intake facilities of Umm Al Nar ‘Station
and Site 5-A near the brine discharge facilities of Umm Al Nar. Station as
well as at Site 8, copper of more than 10 ppm was detected and presented
a little higher value when compared with the other 'sites. ,

The distribution tendency was almost the same between the secbnd field
survey and the third field survey. '
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(J) Zlnc (Zn)

Zinc was in the range of less than 1 to 26 ppm. At Site 1-A, S]te 1-B and
Site  1:C near the sea water intake facilities of Umm Al Nar Station and
Site 5:C near the brine discharge facilities of Umm Al Nar Station, - zinc
of 17 to 27 ppm was detected, showing a little higher value, compared to
the other sites.

The..dfstribution tendency was almost the same between the second field
survey and the third field survey.

(k) T1n (Sn)

T1n was - less than 10 ppm at all the sites, no condition of pollution
caused by t1n was recognxzed

(1) TotaI Organlc Larbon (T0C)

TOC ‘was in the range of 0.13 to 1. 32%,'and was high (more than 1%) at
Site 1-C, Site 5-4, Site 5-C and Site 8. The distribution tendency was
almost the. same between the second field survey and the third field suar-
vey.

{m) 011 Content (011)

The 011 content was in the range of 5 to 72 ppm and was high at Site 8
(72 ppm) and Site 13 (44 ppm}. Also, at the sites around Umm Al Nar Sta-
tion where there are many 311ty sediments, a tendency towards high con-
tent was recognized in ‘the same way as the second field survey.

In. qualitative analysis using the gas chromatograph, the peak of higher
hydrocarbon - with the number. of  carbons being larger than (,, was  recog-
nized at Site 9:B, Site 12, Site 14, Site 15, Slte 16 and Site 19-A, as
compared with the peak of C,.,.
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(6) Summary
1) Features of Bottom Qediments around Abu Dhab1 Island o

Bottom 5ed1ments around the Abu Dhab1 Island showed a pqltlcle s5ize dis-
tribution dependent on the speed of tidal currents. At the .sites where
the tidal currents are fast, there was a tendency ‘for fine. partlcles 10
be washed away by the currents and only coarse particles were left
behind: at the sites -where the tidal currents are slow, fine particles
settle and the particle size distribution becomes fine.

The ratio of bottom sedinments below the silty portion'wés large and the
particle size distribution was fine at the 31tes near the-sea-water in-
take facilities of Umm Al Nar Station. : : ' SR '

In the offshore area of the Abu Dhabi Island and in the neighborhood of
the entrance in both the channels on both sides of the Abu Dhabi Island,
the bottom sediments contalned many gravels and were coarse.

Alse, in both Baghal Channel and Bateen Channel an both SLdes of the Abu
Dhabi Island, the particle size distribution was fine on both s1des--of
the channel as compared with the center of the channel. '

It is generally known that the composition of contents (héavy' metal,
organic matter, etc.) in the bottom sediments shows a tendency to in-
crease as the part;c}e gize d:str1but10n becomes flner :

This is because the sed1ments absorb- these contents more: eas;ly as - the
particle size distribution becomes finer. The coefficients of correla-
tions per parameters, namely the ratio of very fine sand (below 1/8 mm),
specific surface area, mercury, lead, chromium, copper,. zinc,' TOC and oil
content in the bottom sediments, are shown in Table 3.7.6.: ' L

The coefficient of correlation between mercury, lead,  copbper, zinc: and
TOC and the ratio below very fine sand was 0.6 or more, showing a ten-
dency for these contents to increase as the particle size distribution
became finer. o :

The value of specific surface area indicates that these contents are
absorbed more easily as the particle size distribution becomes finer. As
for chromium, the coefficient of correlation with the ratio below very
fine sand was as low as 0. 41. .

Thus, the heavy metals and organic substances (TOC) around the Abu- Dhabl
Island correspond to the particle size distribution of bottom sediments,
and it can be considered that no remarkable contamlnatxon 15_ caused. by
heavy metals and organic substances. SRR
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Téble 3.7:6: Correlation Coefficient among Sediment Parameters

Particle Specific
of <1/8zm - Area

<1/8mm | - [1.00

S.A. [050] [L00)
g (0.651 [0.2

Pb 0.7

Cr 0.4 0.34
Cu 10.84] | 10.88]
Tn {6.92) [0:88
10 082 [039
il 0.56  0.59

2) 0il Pollution around Abu Dhabi Island

The - coefficient of correlation between the ratio below very fine sand

(below 1/8 mm) and the oil conteént is smailer than that of heavy metals

. {excluding chromium), TOC, etc. The relation between the ratio below very
fine sand and the oil content is shown in Fig. 3.7 2.

The particle Sizé'diétribﬂtion at Site 13 and Sité 14 in the second field
survey indicates that the ratio below very fine sand is 50 or less while
the oil content is_as.high,as‘BQ ppm or more. '

[f the relations between the ratio below very fine sand and the oil con-
tent are obtained, except for data at Site 13 and Site 14, the coeffici-
ent of correlation is (.76, which is almost the same as that between
heavy metals or TOC, ‘and the ratio below very fine sand.

Observations at-Site 13 and Site 14 have indicated oil content of 81 ppn

and 83 ppm respectively which were comparatively higher than other sites.
However, no specific reason was found in this study.
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(oom)

011 Content

80

80 ® 0CT13 ®OCTH
£ .
10 o0
60 o
a0 _
40 = FERL3
n g d
30 a a
o | D
10 "’:/g R —— October 1938
0 ' L ) i 11 1 | T, ™3 T
¢ 20 40 . BG 80 ' 100
Katio below 1/8mm (%) _
Fig. 3.7.2: Relations between Particle Content of 1/8 mm or Less and

0il Content
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3.8 Marine Qrganisms.
3.8.1 Plankton
{1) Purpose

The 'pdrpdse of plankton observation is to clarify the distribution con-
ditions of plankton in the sea around the Abu Dhabi Island. :

(2) Observation Location
Observation locations are shown in Fig. 3.8.1. 5 typical locations were

selected’ for the water sampling method and 4 typical locations, except
for Site 2, were sclected for the net method.

Arablan Gulf

Une Af Har |
wP&D Station="x

~— "—_—-—_,__
= Relinery.
=

'_Fig; 3.8.1: Observation Locaticon of Plapkton
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{3) Date of Observation

The sampling of plankton was conducted simultaneously with the observa-
tion of water quality. The sampling date of plankton is as follows: -

1) Second Field Survey

# Low tide period on October 2,. 1988
% High tide period on October 2, 1988

2) Third Field Survey

% Low tide period on January 31, 1989
% High tide period on February 6, 1989

{4) Method of Observation-

1} Water Sampling Method for Phytoplankton'and'Zooplanktqn.

10 liters of sea water was sampled from both the 0.3 m layef' béiqw the
sea surface and the 1 m layer above the sea bottom with a water sampler
of the Van Dorn type. : :

2) Net Method for Large Zooplankton

A quantitative net of the Kitahara type with a caliber of 225 mm and
meshes of 0.094 mm was hauled up from 1 m above the sea bottom to the sea
surface and the sampled zooplankton was observed. :

(%) Results

1) Second Fie}d‘Survey

(a) Phytoplankton (Water Sampling Method)

The horizontal d}%tr1but10n of phytoglankton is shown in F1gs 3.8.2(1)
and 3.8.2(2). : L :

a} Number of Kinds

The number of kinds of phytoplanktbn which bccufred is shown in Table
3.8.1. - - S : '

In the number of occurrence kinds, BaCiliariophyéeae were‘predominéﬁf'_at
all the sites, with no apparent difference between the two tides.

b} Numher of Cells

The number of occurrence cells of phytoplankton are 'shown in Tables
3.8.2(1) and (2). o
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rﬂZ;w tide period in

9nd October 1988

1.

0 ~<10°
2 35S | 03..., <] 0{:
10%~<105.
105~<j 08

33
47

Notes

9 Leptocylindrus
Bacteviagstrunm

i) Rhizosolenia

danicus
sP.

fragillima

48 MASTIGOPHORA
Uryptophyceae

7\ Others

(Unit:Cells/ £)

Upper:Surface layer
- Lower:Bottom layer

Fig: 3.8.2(1): Horizontal Distribution of Phytoplankton by
S . Water Sampling Method in Second Field Survey
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High tide period in

2nd October 1988 _ Notes
l =) Ieptocyiandrus danicus
_afill Thalassiosliraceae "
‘ Bacteriastrum - sp.
: o Rhizosclenia fragitlina
; 1‘0}3«-21131 . i Chaetoceros spo. |
j 10} ~<10? <2 Others Upper:Surface layer

5. § .
10°~<10 {Unit:Cells/ 2) Lower:Bottom layer

Fig. 3.8.2(2): Horizontal DlStrlbuthﬂ of Phytoplankton by
Water Sampling Method in Second Field Survey

— 198 —



1able 3. 8 1: Occurrence Kinds of Phytoplankton by Water Sampling Method
in Second Field Survey

' Tide Low Tide Period ngh Tide Period
Parameter . . o L,(an Oct. 1988) (Znd Oct. 1988)
Whole sites. Bacillariophyceae _ A 23

o Dinophyceae : : 10 i1
Cryptophyceae 1 1

Haptophyceae 0 i
Prasinophyceae : _ 1 1
Euglenophyceae 1 1

Others 1 1

. o - Total 35 39
Range of Kinds at Each Site §~18 9~21
at Each Site 15 15

1 Average Rinds

Table 3.8.2(1):

.Occﬁrrehce Cells of Phytoplankton by Water Sampling
Method in Second Field Survey

(Low Tide Period on October 2, 1988)

 Site

| iayer 1'-A: 2 | 9 13 15 Ave.
Surface Layer | 14,080 31,880] 27,838 | 7,632| 72,576| 30,781

| Botton Layer 3,961 —— | 9,000 13,560 43,440 17,316
Unit : Cells/1 |

Table 3.8.2(2):

1988)

SOCCurfencé'Celfs of Phytoplankton by Water Sampling
Method in Second Field Survey

(High Tlde Period on October 2,
o site | 1A 7 9 13 15 Ave.
L | |
Surface Laver | 4,224| 9,024 12,096| 21,168| 96,240 28,550
| Bottom Layer = 3,408 — | 14,840 44,928 | 43,392| 26,592
Unit : Cells/1 -
The - a?efage huhbef- of ocﬁﬁrrence cells in all the layers was 24,796
cells/1 “during . the low tide period and 27,880 cells/l1 during the high
tide perlod Also, the number of occurrence cells at the sites showed

tendency to decrease at Site 1-A near the sea water intake facilities
Unm Al Nar Station and increasing at offshore Site 15.
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¢) Composition of Kinds

As shown in Fig. 3.8.2, there were differences in the composition of

occurrence kinds among. the sites. At offshore Site iy
were predominant and accounted for 79.9 to 94, 2% of the total

darnicis %

14,

Leptocylindrus

aumber of cells. Also, this kind was rarely found at Site 1-A near the

cea water intake facilities of Umm Al Nar Station and at Site 2 near

- the

brine discharge facilities of Umm Al Nar Station: Further, at Site 2,
Bacteriastrum sp. was predeminant. . : : : : .

Notes: % A species of Bacillariophyceae. “Their cells are cylindrical in
shape, 6 to 12 gm in diameter and 2 to 10 times as long as dia-
meter. They have coastal and bay area character and are distri-
buted in a wide range of all oceans: '

(b) Zooplankton (Fater Sémpling Me thod)

The horizontal distribution of zooplankton iS.ShOWn in Figs.

3.8.3(2).

a) Number of Kinds

The number of occurrence kinds of zooplankton is

3.8.3.

Table 3.8.3: Occurrence Kinds of Zooplanktdﬁ by W
' in Second Field Survey

3.8.3{1) and

tabulated in . Table

ater Samﬁling.Metﬁod

Site | Low Tide Period

High Tide Period

Parameter (2nd Oct. 1988) (Znd Oct. 1988)
Vhole sites Ciliata ' 15 15
Foraminifera 1 |
Hydrozoa 1 0
Rotifera 1 1.
Nematoda 1] 1
Copepoda 16 12
Appendiculata 4 4
Larva 5. R
Total . 4 39
Range of Kinds at Each Site ~25 ~28
Average Kinds at Each Site i %g 8. 2
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Low tide period in

2nd October 1988 e Notes
el ' - tlflh Nauplius stage tarva of Lepepoda
58 Tintianobsis  karajacensis - N

Oligetrichida

2 Appendicularia sicula
1 lglzzg; <& Holotrichida
C 10910 =~ Others
: - (Unit:Individuals/ ¢)

Qr n2

Upper:Surface layer
Lower:Bottom layer:

Fig;"é§8.3t1)? Hbfézdﬁtéi:Distribution of Zooplankton by Water Sampling
S Method in Second Field Survey
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High tide period in
2nd October 1988 Notes
Aﬂm\faupllus stage [arva of Copepoda
2)a) ' ‘ﬂ.{ppend:cuiana sicula : n
el ‘Hololrichma

A@D shaped ‘larva of Bivalvia
0 ~<10? ) 0ligotrichida

[3~]
P
—

o

[

i
AN
o~
L=

w

163 ~<10 ‘ ‘“/_‘ﬂ.[}thers- Upper:Surface layer
(Unit:Individuals/ €} Lower:Bottom layer

Fig. 3.8.3(2): Horizontal Dl‘;trlbutlon of Zooplankton by Water Samplmg
Method in Second Field Survey : _
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Inn the number of occurrence kinds at all the sites, Ciliata and Copepadq
were pxedomlnant both during the low tide period and the high tide
period. - Also, ~the number of occurrence kinds at Site 1-A near the sea
water intake facilities of Umm Al Nar Station, and Site 2 near the brine
discharge facilities of Umm Al Nar Statlon was smaller, compared with the
other s:tes o

b) Number of Individuals

The . number of occurrence individuals of zooplankton is tabulated in
Tables 3.8, 4(1) and 3.8, 4(2). -

The average number of occurrence individuals in all the layers amounted
to 306 individuals/l during the low tide period and 302 individuals/1
during the high tide period Also, the number of occurrence individuals

at a site was. found to have a tendency to increase at offshore Site 15 a
little more than at other sites.

Tablé 3.8;4(1)3 Occurrence Individuals of Zooplankton by Water Sampling
: "~ Method in Second Field Survey
(Low Tide Period on Qctober 2, 1988)

- Site -4 2 9 13 15 Ave.
| Layer - e ' .

Surfaée-hayer 249 277 384 176 566 330
|Bottom Layer - | 141 | — {207 346 404 275

Unit : Individuals/1

Table'3;8.4(2):.OCCurfenCe‘Individualé of Zdbplankton by Water Sampling
: ‘ “Method in Second Field Survey
(High Tide Period on October 2, 1988)

oo sie | 1A |2 9 B3 15 | e
Layer E _ .
Surface Layer .| 115 113 546 | 161 | 883 356
Bottom Laver | 76 — | ws | we| |

Unit : Individuals/l

— 203 -



¢) Composition of Kinds

As shown in Fig. 3.8. 3 a. tendency was found that ‘the pr0901t10n of Tin-.
thnopsis Rarajacensis -was expanding at Site l-A near the sea water: in-
take facilities of Umm Al Nar Station and Site 2 near the brine discharge
facilities of Umm Al Nar Station, the phenomenon being especially: conspi-
cuous during the low tide period. Except for this, the proportion of
nauplius larva of Copepoda was gencxally large at all the sites.

NoteS' % A species of Ciliata. Their shell is cy11ndr1cal in shape, round
at the back end, and 60 to 80 gm long, with an aperture of 30 to
40 pem. They are widely distributed in warm sea areas or the
tr0p1cal zone of the Pacific, the Atlantic and the Indlan Ocean.

4
d;
f.

B
_lgf.

ool

=
=
i

E
T
2

Tintinnopsis karajacensis

{c) Zooplénkton (Net Method)

The horizontal distribution of zcdoplankton is shown in Figs. 3.8.4(1) and
(2). o 4

a) Number of Kinds

The number of occurrence kinds of zodplanktOn is tabulated in Table

3.8.5.
Table 3.8.5: Occurrence Kinds of Zoop!ankton by Net Method o
‘in Second Field Survey A
Site | Low Tide Period | High de Pericd |
Parameter : _ (Znd Oct. 1988) ( t. 1088) .
Whole Sites Ciliata o 6 | 3
Hydrozoa 1 : 1
Copepoda ' 17 : .18 .
Appendiculata ' S TR D R S
Larva _ 10 . 8
ol | % | ®
Range of Kinds at Fach Site ' 1M~ %
Average Kinds at Each Site 18 20

— 204 —



Low tid:e"pehiéd in
ol October 1938

D0 ~10?
T 103~<g10%
10%~<y0%
105~<y 08

Lo

dotes
B Copepodite stage larva of Oithona
ol Yauptius stage tarva of Copenoda
F Appendicutaria sicula
<) Gastropoda larva
&%) Unbo stage larva of Bivalvia

dﬂthers

{Unit: Individuals/w)

x

Fig. 3.8.4(1): Horizontal Distribution of Zooplankton by Net Method

in Second Field

Survey
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ligh tide period in

2nd October 1988 ' o Notes
‘ﬁl?opepodita stage !arva 0f Olthona
il Nauplius stage larva of Copepoda 4

<« Copepodita stage larva of
& Paracalanldae

%) Unbo stagc larva of Bivalvid

; L Pl 0 Afﬂ_ﬁastrapoda‘ larva
30 10%-<1 0% ) Others

- 105 05 : oy
43 107~<10 (Unit: Individvals/ni)

Fig. 3.8.4(2): Horizontal Dis trlbutxon of Zooplankton by Net Method
in Second Field Survey
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In the number of occurrence kinds at all the sites, Copepoda and larvae
were prédominant both during the low tide period and the high tide period.

b) Number of Individuals

The 'number‘ of occurrence individuals of zooplankton is shown in Table
3.8.6. The average number of occurrence individuals amounted to 17,000
individuals/m® during the low tide period and 19, 684 individuals/m* at
the high tide period. Also, the number of occurrence individuals at Site 9
in Baghal Channel seemed to be a little smaller than that at the other

31tes

Table 3. 8.6: Occurrence Individuals of Zooplankton by Net Method
in Second Field Survey

Co Site 1-4 9 13 15 Ave.
Tide o
: Lou Tide-Pariod: 16,498 8,274 15,150 28,080 17,001
| (2nd Cct. 1988) . B
: Hl%ﬁ Tide - Perlod - 9,653 9,419 35,344 24,320 19,684
d Oct. 1988) _ R R

bnit : Individuals/1

c) Composxtlon of Kxnds

As shown: 1n F1gs -3, 8 4(1) and 3. 8 4(2) a difference in the composition
of occurrence kinds was found among the sites. At Site 1-A near the sea
water :intake facilitiés of Umm Al Nar Station, nauplius stage larva of
Copepoda were predomlnant and accounted for 61.6 to 74.5% of the total
.number of 1nd1v1duals :

Also, at Site 9 in BaghalgChanncl and offshore Site 15, the number of
copepodita stage larva of Oithona genus was relatively large. Further, so
far as'adultS’afe concerned, the number of Oithona bervicornis# was the
most :predominant of all the occurrence Copepoda and they were widely
distributed in the sea around the Abu Dhabi Island.

Notes: # Body 0.5 to 0.8 mm long and 0.15 mm wide. Very widely distribut-
‘ed in warm water bay areas of the indian Ocean, the East China

T Sea and other oceans. %\
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2) Third Field Survey
(a) Phytoplankton (Water Sampling Méfhod)

The horizontal distribution of phytoplankton is qhown in Flgs 3.8 5(1)
and 3. 8.5(2). . .

a) Number_of Kinds

The number of occur:ence kinds of phytOpIankton is tabulated ‘in Table
3.8.7. In the number of occurrence kinds at all the sites, Bac111ar10
phyceae and Dinophyceae were almost equal, and 1o dlfference was almost
found between the two tides.

Table 3.8.7: Occurrence Kinds of Phytoglankton by Water Sampllng Method
in Third Field Survey S UL

. o . Tide | low Tide Period H1 h Tlde Period:
Parameter ~ (Bth Feb. 1989) (3 st Jan. 1989)
Whole sites 8301llar10phyceae = 10 '12 g

Dinophyceae ' : i1 g
Cryptophyceas 1 1

- Haptophyceae : 1 1
Prasinophyceae 1 )]
Euglenophyceae B | 1

Others ' 0 i

Total 25 25

Range of Kinds at Each Site 513 7~15"
Average Kinds at Each Site ' 9 10

b} Number of Celis

The number of occurrence cells of- phytoplankton is: tabulated +'in Tables
3.8.8(1) and 3.8.8(2). The average number of occurrence cells in-all ‘the
layers amounted to 48, 469 cells/1 during the low tide period and 16, 872
cells/l during the high tide period. Also, . a tendency was found  at- the
sites that the number of occurrence cells was smaller at Site ~1-A . near
the sea water intake facilities of Umm Al Nar Station and Site 2 near the
brine discharge facilities of Umm Al Nar Station and larger at offshore
Site 15. ' '
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s . . a4 .
Low tide peried in-

6th Febrdary 1989

X

0 ~<19
10%~<10%
10%~<10%
105~<106

Notes
) Hdptophyceae
=) Skeletonema costatun
28 Chaetoceros sp.
8 Cryptophyceae
_ah\ Prorecentrun triestianum
_ ! Gthers Ty ‘
(UnitsCells/ 2) pper:Surface layer

Lower:Bottom layer

Fig. 3.8.5(1): Horizontal Distribution of Phytoplankton by
S Water Sampling Method in Third Field Survey
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fligh tide period in

3lst January 1989 o Notes - T
' 7 Hantophyceas : _
0 2 Skaletonena costatun o
. &%) Prasinophyceae : '
e Cryptophyceae _
2t 10t—cl 0 L& Provocentrin  triestinum
_ 30 10%~<108 7\ Others )
- VSY ety | et laer

Fig. 3.8.5(2): Horizontal Distribution of Phytoplankton by
Water Sampling Method in Third Field Survey
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Table 3.8.8(1): Occurrence Cells of Phytoplankton by Water Sampling
: Method in Third Field Survey
(Low Tide Period on February 6, 14989)

Site | 1-A 2 | 9 13 15 | Ave.
Layer-
Surface Layer 9,120 7,286| 26,112 50,976 86,400 35,981
Bottom Laver 126,880 — | 47,904| 33,120| 148,416 | 64,080

“Unit : Cells/1

Table 3.8.8(2): Occurrence Cells of Phytoplankton by Water Sampling
: Method in Third Field Survey
(ligh Tide Period on Janwary 31, 1989)

. site | 1-A o2 g | 13 15 Ave.
Layer - R
Surface Layer /| 4,084 3,416 15,264] 27,936| 26,640 15,664
Bottom Layer | 2,784 —— | 14,868! 18,432] 37,440 18,381

Unit : Cells/l

¢) Composition of Kinds

As shown  in Flg, 3.8.5, the composition of occurrence kinds differed
among the sites. At offshere Site 15 and Site 9 in Baghal Channel, Hapto-
phyceae were predom1nant both at the low tide period and the high tide
period, and  in particular at Site 15, it accounted for 94.1 to 99.5% of
the total number of cells. On the other hand, Skeletonema costatum*  appe-

ared more at Site 13 in Dhow Harbour than at the other sites.

Notes: * A species - of Ba61larr10phyceae Cells oval or lenticular in
shape, 18 to 35 gm in diameter. It is an eurythermal and euryha-
line species which appears in great quantities throughout the
year in all coasts and bay areas,

Skelelonema costatum
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(b) Zooplankton (Water Sampling Method)

The horizontal distribution of zooplankton is shown in Figs. 3.8.6(1) and
3.8.6(2). '

a) Number of Kinds
The number of occurrence kinds of zooplankton is tébulated in Table 3ﬂ8'97

In the number of occurrence kinds at all the sites, Ciliata and’ Copepoda
were predominant. On the other hand, the number of occurrence kinds was a
little smaller at the Site 1-A near the sea water intake facilities of
Umm Al Nar Station and Site 2 near the brine discharge facilities of Umm
Al Nar Station, compared with the other sites

Table 3.8.9: Occurrence Kinds of Zooplankion by Water Sampling Method
in Third Field Survey _

Site | Low Tide Period | High Tide Period
Parameter | (6th Feb. 1989) | (3ist Feb. 1989)
Whole sites Ciliata o 19 18
Foraminifera _ 1 i
Rotifera 1 1
Nematoda 1 1
Sagittoidea : SR 1
Copepoda 17 14
Pterophyta 1 0
Appendiculata 3 2
Larva ' 3 5
Total ' 6 43
Range of Kinds at Each Site L T~21 6~-23
Average Kinds at Each Site : 13 ‘ 13

b) Number of Individuals

The number of occurrence individuals of zooplankton .is tabulated in
Tables 3.8.10(1) and 3.8.10(2). The average number of occurrence indivi-
duals in all the layers amounted to 182 individuals/l during the low tide
period and 210 individuals/1 during the high tide period. Also, there was
not much difference in the number of occurrence individuals among the
sites, except that variation between the tides was found at Site 2. '
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Mov t'idé'pet‘iOd in .
6”] FEbz‘ua_ry 1989 . Notes

' 7} O1igolrichida |
‘ ) bidiniun sp. b
' 3 «rfl} Nauplius stage lacva of Copepoda
5™ Synchaeta sp,
1 131: ;g: _‘@ﬂntinnopsis Spp.

~ Othe
107 ~ to* ) fiié}. rs Upper:Surface layer
- (Unit:Individuals/€) Lower:Bottom layer

Fig. 3f8f6(1)3 Horizontal Distribution of Zooplankton by Water Sampling
' Method in Third Field Survey
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( High tide period in _
31st January 1989 ~ Notes
éﬁ:{iﬁti}mapsis. $PP.
<Y 0tigolrichida
B8 bidinium - sp. . o §
) Yauplius stage larva of Copepoda
110 ~<i10? "@'Amphq'fe'lt.ﬂ. quadrilineata

=z

21 108-<103
3 103~<10% =) Others Upper:Surface layer
(Unit:Individuals/2) Lower:Rottom layer

Fig. 3.8.6(2): Horizontal Distribution of Zooplankton by. Water Sampllng
Method in Third Field Survey = '+ .
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Table 3.8.10(1):

fOccurrénce Individuals of Zooplankton by Water Sampling
Method in Third Field Survey

(Low Tide Period on February 6, 1989)
I site | 1A 7 9 13 15 tve. |
Laver .
Surface Layer 177 26 203 149 175 146
Bottom Layer — 92 185 208 221

421

Unit : Individuals/]

Table 3.8.10(2):

Occurrence Individuals of Zooplankton by Water Sampling
Method in Third Field Survey :

(High Tide Period on January 31, 1989)
- site | I 2 9 13 15 hve.
Layer
| Surface Layer | 321 538 66 181 | - 227 267
Botton Layer 141 — 105 115 194 139

Unit : Individuals/l

c)'Cémbosition'df'Kinds :

As shown in Fig. 3.8:6, a-trend was found that Oligotrichida had_a
at ‘both tides, except at Site 2. Also,
tides and Tintinnopsis sp. at Site 2 during the
period had a large number respectively,

number. at
during both

(¢) Zooplankton (Net Method)

‘a). Numbet of Kinds

Didinium sp.

Site
high

at

The numﬁér 0f3oc¢ﬁrrence-kinds of zooplankton is shown in Table 3. 8. 11

Copepoda was,
offshone Slte 15
Dared wzth the other 51

tes.
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the total number of occurrence kinds was greater,

“Alsaq,

large
1-A
tide

com-



Table 3.8.11:

Occurrence Kinds of Zooplankton

by Net Method in Third Field Survey

] o Sit Low Tide Perlod High Tide Perlod
Paraneter e {6th Feb 1989) (3lst Feb. 1989)
—Q;;ieﬂéites ‘Ciliata 3 1
Hydrozoa 0 1
Rotifera 1. 1
Cladocea 1 0
Copepoda 21 20
Appendiculata 2 3
Larva B 5
Total 40 32
Range of Kinds at Each Site 14~30 ' 13~27
Aiergge Kinds at Each Site Al - .18

b) Number of Individuals

The number of occurrence 1nd1v1duals of zooplankton is tabulated 1n Table '
3.8.12.

The average number of occurrence individuals amounted to 7,264 indivi-
duals/m?® during the low tide period and 10, 548 individuals/n? during. the
high tide period. Also, the number of occurrence individuals at each site
was the greatest at offshore Site 15, this phenomenon bexng especially
conspicuous during the high tide period.

¢) Composition of kinds

a general tendency was. found that - at
each of all the sites, copepodita larva of Uifhona. and nauplius larva of
Copepoda were predominant. Also, the adults of Copepoda appeared . rarely
both in number of kinds and in number of individuals at Site 1-A near the
sea water intake facilities of Umm Al Nar Station, and often at offshore
Site 15. : : R

As shown in Figs.'3.8.7(1) and (2),

Table 3.8.12 . Occurrence Individuals of Zooplankton by Net Hﬂthod
in the Third Field Survey _
| Site 1-4 s | 13 | 15 hve.
Tide _ R R _
L%g Tide perl-égg) 4,430 9,543 5,083 10,001 7, 264 B
High Tide Period 3,875 6,278 4,57  7462|  10,548
(31st Jan. 1989) ) | b |

Unit : Individuals/l
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Low tide period-in

Gth Febrvary 1989 . . Notes
: Y =) Copepodite stage larva of Zithona
A:ﬂﬂ}; Nauplius stage larva of Copepoda N

N Copepedite stage larva of
‘ - Paracalanidae

5% Covepodite stage larva of Futerping

1: 0 ~a0? | . S
5 r 1Q3clns ™\ Nauplivs stage larva of Cirripedia
31 10%~<10° =~ bthers

4 1 10%~<108

(Unit:individuals/ )

Fig.~3;8.7(1):~Hori20nta1 Distribution of Zooplankton
L by Net Method in Third Field Survey
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igh tide period in
31st January 1989

Ly B

3)4

g~

L1030t
1o <ot
T 105%~<108

“Notes: S
_e<A Copepodite stage larva of Oithona
Lt} Nauplivs ‘stage larva of Copepoda

PN Copepodite stage tarva of
> Paracalanidae
5% Copepodite stage larva of Futerpinag

ﬂ_ouhana simplex
=7 Others

(Unit:Individuals/al)

Fig. 3.8.7(2): Horizo

by Net

ntal:Distribﬁtion-0f Z6dﬁ1aﬁk£on'
Method in Third Field Survey
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{6) Summary

0

.FeaiurES.in Sea around the Abu Dhabi Island

(a) Phytoplankton (Sampling Water Method)

a)

Both the . second field survey in summer and the third field survey .in
winter revealed greater number of occurrence kinds of Bacillariophy-
ceae. and Dinophyceaeas compared with the other algae. Also, the number
of occurrence kinds at all the sites, seasonally considered, was a

,_llttle greater in summer.

b)

CS%

The average number of occurrence cells by tides in summer and in win-
“ter amounted to 1.7 to 4.8 x 10* cells/! and, horizontally considered,
was smaller around Umm Al Nar Station and greater in the offing.

The . occurrence conditions of dominant kinds observationally differed
among the sites and between the tides, but the definite sea area dis-
tinction was impossible due to too wide variation. Also, on the aver-
age of all: the sites, lephmyhndnw danwus was predominant in summer.
and. Haptophyceae in winter.

(b) Zooplankton.(Sampllng Water Method)

a):

b)

c)

Both-in summer and in winter, the number of occurrence kinds of Cilia-
ta and Copepoda was predominant. Also, the number of occurrence kinds
at all the sites in total seasonally considered, was a little greater
1n Stmmer, '

The avérage number -of .occurrence. indiviauals by tides in summer and
w1nte1 came to 1.8 to 3.1°x 102 ind1v1duals/1 without much difference
:among the sites except Some

The occurrence cond1t10ns of domlnant kinds differed according to the
seasons. - .On the average at all the sites, nauplius larva of Copepoda
were predomlnant in summer and 011gotr1ch1da were prevailed in winter.

(c) Zooplankton (Net Method)'

a)

b)

In ‘summer and in winter as well, the number of occurrence kinds of
Copepoda was predominant and that at all the sites was almost equal,
with no seasonal variations found.

The. number of- occurrence individuals, on the average by tides in sum-
mer and winter, came to 0.7 to 2.0 x 10* individuals/m’ without very
much difference among the sites but some.

¥ The occurrence conditions of dominant k1nds have not shown definite

Seasonal variations and copepodita larva of Qithona genus and nauplius
farva of Copepodawere predominant both in summer and in winter.
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2) Plankton as Environmental Index

As for indicativity of phytoplankton, a considerably complicated - aspect
is presented due to large variation in occurrence kinds and quantities in
cutrophicareas of coastal parts and embayment, and therefore, in many
cases, it is difficult to typify it according to the chorological condi-
t1ons. : : IR o : o . : T

Also, according to the résults of surveys and tests so far conducted, it
seems that the direct detrimental action of petroleum on- phytonlankton
emerges in relatively high concentration, with its degree of influence
reportedly being different, to a considérable extent, according to the
'propeitles of petroleum and the klnd of plankton Co :

The results of the second and thxrd field surveys show no deflnlte ten-
dency in the occurrence conditions of dominant kinds of phytoplankton but
indicate wide variation so that their effectlveneso as an- env1r0nmental
index is considered to be 1nszgn1f1cant : z

Further, 1t is said that when phytoplankten appeaxs in surface water in a
quantity greater than 5, 000 cells/ml, itis, ‘n many ‘cases; .perceivéd . as
discolored water in a visual sense, causing, in some cases, the develop-
ment of red tide (phytoplanktens more than 104 cells/ml) with the.  pro-
gress of eutrophication in the sea area. According to the reésults of
plankton collection and visual observation on board a vessels, the red
tide phenomenon was not perceived. : TR

In case of zooplankton, the results of the marine field surveys: showed
the tendency that, in net method, copepodite stage larva of Oithona genus
and nauplius stage larva of CoDepoda were dominant. ‘These Copepoda -
constitute an important group as feed for sardines and other small Pisces
which eat planktons, and so, it is considered necessary to keep speclal
attention on the variation of occurrence quantities, together with ‘those
of Appendiculata (Few observed in .the vicinity of Umm Al -Nar Station,
increasing in quantity toward the offing out of the channels They are’
considered effective as an index of water mass). : R
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3. 8.2 Benthos

(1) Purpose

The purpose of benthos observation is to clarify the distribution conli -
tions of benthos in the sea around the Abu Dhabi Island.

(2) ObSefvation Location

The -obséryafion locations are as shown in Fig. 3.8.8. 20 locations were
selected so that the distribution of benthos in the sea around the Abu
phabi Island could be ascertained generally.

[ )] : . ’
15 . Arablan Gulf

Umm Al Nar ]

P\&ﬂ Station \\\:

N AN
s Relinery]
B® e o \\

" Fig. 3.8.8: Observation Location of Benthos
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{3) Duration of Observation

The sampling of benthos was conductedgsimultaneously with the of * bottom
sediment. The sampling duration of benthos is as follows:

1) Secoﬁd Field Survey
October 16 to 18, 1988
2) Third Field Survey
January 25 to February 4, 1989
(4) Method of Observation
The bottom sediments were sampled 3 times with.a bottém Qaﬁﬁler'rof, the

Smith-McIntyre type with a sampling area of 0.05 m’ and the benthos which
resided in the mesh after the sampled sedlments were meshed to 1 mm, were

observed.
{5) Results

1) Second Field Survey

The component dlStrlbUthﬂ by division of benthos ‘is shown . in Fig. 3.8.9
and the distribution of number of kinds, individuals and Biotic of ben-

thos are shown in Fig 3.8. 10,

() Number of Kinds

The number of occurrence kinds‘of.benthos is tabulated iﬁ Table 3‘8.13.
In ‘the total number of occurrence kinds at all ‘the "sites altogether,
Annelida, Mollusca and Arthropoda were predominant. Also,  the average
number of kinds was 21 kinds, and the number of. oceurrence klnds at  each

site was greater at Site 5-B, Site 7, Site 8, Site 19-A and Site 20- B in
the channels, and at Site 14 and Site 15 in the open sea. . :
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Date:16th~18th October 1988

Notes
£ ANELIDA
3 Lafh MOLLUSCA N
ARTHROPODA
[!  G~e<I0 2% ECHINODERMATA
1y, | <D o
{Unit:Individuals/0. 15nt)

Fig. 3.8.9: Diﬁsion_ Composition Distribution of Benthos in
Second Field Survey
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Date: 1Gth~18th October 1968

Notes
Hinds ' N
Individuals
Biotic Index .
Unit:Individuals/0. 15af

28
86

34

20-A 20-8
16 50
58 |j194
36 39

Fig. 3.8.10: Distribution of Kinds, Individuals and Biotic'Index of
Benthos in Second Field Survey : S :
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.Tab'le 3 8. 13: Occurrence Kinds of Benthos in Second Field Survey
" (Sampling in October, 1988)

L Division @ @ @ @ ® Others | Total
Site _ _
1A .0 4 6 0 0 0 15
- 1B 51 8 3 3 0 i 19
1-C 4 1 2 0 0 0 7
4 8 8 5 0 0 i 22
5-A 13~ 3 8 | 0 1 24
5B 10 10 5 1 2 2 30 -
5-C: 12 2 3 1 0 2 20
7 11 1 4 4] 1 3 30
8 15 11 Z 0 0 2 30
“G-A 4 13 1 1 0 1 20
- 9-B 2 2 0 0 1 1 ]
i2 3 0 2 0 0 1 6
13 5 § 5 0 0 1 19
14 g 16 1 1 0 2 29
15 "8 18 1 0 3 0 28
16 - 3 1 - p 0 1 2 9
19-A 10 20 5 0 0 2 37
19-B 2 1 YA 0 0 0 5
20-A 8 yA 5 0 0 1 16
20-3 17 22 5 1 2 3 50
¥hole sites 32 - 46 25 YA 3 7 118 ]
Notes : -~ . Division
- (D Annelida
(@ MHollusca
@ - Arthropoda
: é;"Echinodermata

Prochordata

(b) Composi{iqn by Division

The composition by division of benthos is tabulated in Table 3.8.14.
There was a difference in the composition by division among the sites.
At Site 4, . Site 5-C, Site 8 and Site 20-B in the channels, Annelida
accounted for 43.3 to 51.1%, and at Site 9-A, Site 13, Site 14 and Site
19-4, Mollusca for 65.8 to 91.5%, while at Site 1-A near the sea water
intake facilities of Umm Al Nar Station, Arthropoda accounted for 67.9%.
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Table 3.8.14: Division Composition of Benthos in Second Survey
~ (Sampling in October, 1988)

[ i Divisi;n Annelida Hdllussa _Arthropoda

Site C L
1-A 28.3% 38% | 67.9%
4 43.3% 42.5% - 3.9%
5-C 50.0% o 19.7% 24.6%
7 34.3% 29.6% 13.9%.
8 51.1% 40.0% - 4.4%
-4 O 1.8% 91.5% 6.0%
% | 1450 30.0% 1.9%
14 16.4% 75.8% - 2.3%
19-4 32.3% 65.8% - 1.6%
20-B B 44.3% 41.2% 4.1%

A1l sites 29.8% 51.3% 14.5%

Remarks : The occurrence. 1nd1v1duals was more than
100 1nd1v1duals/0 1501 at above shown each site.

{c) Main Kinds

The occurrence results of main kinds of benthos are as shown in Table.
3.8.15. ' :

Of all  the occurrence kinds, ten kinds shown in:the abqve téh1e had  a
relatively large number of individuals. They were Polychaeta of Annelida,
Gastropoda and Bivalvia of Moilusca and Amphipoda of Arthropoda.

Of these, Ophelina sp. of Polychaeta had a tendency of increasing at -the
sites near the sea water intake facilities of Umm Al Nar Station, 54 ‘in-
dividuals/0.15 m* appearing at Site 1-A. Also, Capitellidae were found in
relatively large quantities in Bateen Channel, 58 individuals/0.15 nt
appearing at Site 19-A. Cerithiidae of Gastropoda were predominant, 101
to 256 individuals/0.15 m® appearing at Site 9-A, Site 13 and Site 19-A.

As for Bivalvia, Pillucine sp., Mactra tribus, Aﬁﬁdo&dﬁnd oty péS' were
predominant, but the number of individuals at each site was less than 50
individuals/0. 15 nmd. : R

0f Amphipoda, Grandidierelle sp. showed a felatively_dense distribution
as 144 individuals/0. 15 m® at Site 1-A near the sea water intake facili-
ties of Umm Al Nar Station, but were scarcely seen appearlng at the other
sites, . :
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Table 3. 8 15: Main Occurrence Kinds of Benthos in Second Field

Survey (Sampllng in OLtober 1988)
] kinds @ |@ |® |@ |® @ ® |®
Site ' .
1-A 1] ©4 3 o] 144
1-B 1 2 3 4 g
1-C RS B 22 12
4 11 14 10 45 1
5-4 13 1 3 1 3
5-B 12 1
5-C 1 1 1 29 23
7 13 5 1
8 15 17 3 7 il
-4 223 7
g-§ . 1 _ 31
13 17 3 22 31 2561 46 12
14 2 1 1 7 13 7
15 _ -2 1 1
16 3y 3 ) _ 4 .
19-4 o 2 581 101 18 6 48
198 ' 9
20-4 _ -2 12 7 :
20-8 - - 61 10 41 18 3 4
A1l Sites B8] 66 97} 67) 120). 676 5| M 99) 168
Notes @ " Typ1031 oCourrence klnds Unit * Individuals/0.15 ni
' ) 1 Pelychaeta Nereidae '
.  Nephtys s8p.
Ophelina - sp.
T ~ Opheliidae _
I Capitelliidae
Gastropoda Cerithildae
" Bivalvia - FPillucinag sp.
' Hactridae
_ Nitidotellina type
.- Crustacea Grandidierella sP.

2)_Third.Fiéld)Sury¢y

The composition by division of benthos is shown in Fig. 3.8.11
distributions of number of kinds, individuals and biotic index of benthos

are shown in Fig. - 3. 8. 12,

L PRT -

and

the



Date:25th January~4th February (989 R Nﬁtes - .
<53 ANNELIDA

b MOLLUSCA .

7 ARTHROPODA . '
. omcie . ash GCHINODERMATA
2! 10~<100 -\ Others- r
P 100~<1000 it Individual /0. 15af)

Fig, 3.8.11: Division Composition Distribution of Benthos in
Third Field Survey 3 -
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[ Date:25th January~4th february 1989

Individuals
. . Biotic Index
29t _ ' Unit:Tndivideals/G, 15

Flg 3 8. 12 Dl tribution of Klnds Individuals and Biotic Index of
Benthos in Third Field Survey
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{(a) Number of Kinds

The number of occurrence kinds of benthos is as shown in Table 3.8.16.
- In  the total number of occurrence kinds at all the .sites altogether,
Annelida, Mollusca and Arthropoda were predominant among all the divi-
sions. Also, the average number of kinds was 27 kinds, and the number of
occurrence kinds at each site was greater at Site 5-B, Site 7, Site 9-A,
Site 20-A and Site 20-B in the channels.

Table 3.8.16: QOccurrence Kinds of Benthos in Thifd Field Sur\}ey '
(Sampling in February, 198%)

Division| @ @ ® @ | ® |Others| Total
Site _
1-A 7 ) 4 0 0 1 18 -
1-B 8 7 5 0 ) 1 21
1-C 3 - 5 R, 0 0 w11
12 3 7 0 0 3 25
5-A 12 13 2 1 2 1 - 31
5-B 14 18 3 2 3 21 47
C 12 ] 0 1§ 0 21 2
1 18 21 20 1 4 4 68 -
8 12 14 4 11 0 I 32
9-4 12 14 8 i 1 1 37
g-B 6 3 1 0 0 I 11
12 R 1 2. 0 0 S0 18
13 16 i | 2 0 0 I 30
14 3 5 0 0 - 1 -1 10
15 10 9 9 1 0 1 28
16 1 0 1 0 1 0 ! 3
19-A 8 10 g 1 Q- 1 126
19-B 5 9 7. 1 0 2 24
20-4 17 14 12 2 0- .2 | .47
20-B 13 14 5 i 0 5 | 38
¥hole sites 34 44 35 3 . B 8 135 -
Notes : Division
(D Annelida
(2 Mollusca
@ Arthropoda
4) Echinodermata
& Prochordata



{b) Compos_i_t_i_on by Divisi_r_jn.
The composition by division of benthos is tabulated in Table 3.8.17.

There wds a difference in the composition by division among the sites. At
Site 4 and Site 20-B in.the channels, Annelida accounted for 56.3 to
63. 7% and at Site 5-C, Site 8, Site 9-A and Site 13, Mollusca for 60.8
to 87 8% -, hllC at Site 19- B Arthropoda accounted for 68. 6%.

’Pable 3.8.17: D1v1s1on Compos1t10n of Benthos in Third Survey
: : (Sampling in February, 1989)

_ Pivision { Annelida ‘ - Mollusca Arthropoda

Site . : 2 ' '

-A . | 34.58% 29.49% 32.0%

i-B 44.0% 16.9% ' 37.4%

1-C . : - 37.2% 13.3% 49.6%

4 = _ 63.7% _ 16.8% _ 12.8%

“5-A _ 21.3% 36.9% 10.7%

5B 18.4% 36.2% 75.6%

-G - 36.7% ' 60.8% 0.0%

T 23.6% 24.9% 43.9%

- B : 8.6% 87.8% 3.1%

9-A - 23.2% 64.4% 9.7%

13 15.1% _ 83.3% _ 0.4%

19-8 11.8% 16.7% 68.6%

20-A : 35.8% 47.4% 15.5%

. 20-B o 56.3% . 24.8% 12.7%

A1l sites . - . 25.4% 51.0% - 18.8%

Remarks : The occurrence 1nd1v;duals was more than
100 individuals/0.15mi at above shown each site.

(c) Main Kinds
The occurrence results of main kmds of benthos is shown in Table 3.8.18.

Of ail 'the occurrence kinds, 11 kinds shown in the above table had a
relatively large number of individuals. They were Polychaeta of Annelida,

Gastropoda and B1va1v1a of Mollusca anci Tanaidacea and Amphipoda of Arth-
ropoda.

Of . these, O_phelina sp. of Polychaeta had a tendency of increasing at -the
ﬁl_tes ‘near the sea water intake facilities of Umm Al Nar Station, 72
individuals/0.15 oo appearmg at Site 1-B, Also, Nereidae appeared at 75
lndi\nduals/(} 15 m* at. Site 4 in the channel, and Orbiniidae appeared at

47 to. 50" 1nd1v1duals/0 15 m? at Site 8 and Site 20-4, in relatively large
Quantltles ' .
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Table 3.8.18: Main Occurrence Kinds of Benthos in Third Field Survey
(Sampling in February, 1989) '

tnds | 1@ 1@ |®@ |® |[® (@ ® |@®@ |[O
Site . | o _
1-A 1 13 21 43 31 40 20 3 N R O T 32
1-B 19 21 712 22 1y 121 44 76
1-€ 11 1 30 8 81 30 20
4 15 A 21 20 2 ) -3
54 1 4 2 21 10 6 2
5B 1 1 2 5 3
5-C 14 2 3 31 65 1 3 L
7 7 8 ] ' 57
8 3{ 50 776 5] 51 151 S |
9-4 . 31 29 16 150 S S . yas
9-B 1 1 1
.12 ~ it} ' '
13 21 13 24 334 S 16
14 21 1
15 3 1
16 _ ' 5 ' L
19-4 5 1 o My 230 70 2y
19-B 1 _ I 5t Sl 40 2217 4
20-A 11.331 471 16 21 65] 11 19 15 5
20-B i 71 29 2 _ 3 0 - 6| 3
All Site| 120] 138} 194 18311367} 82| Gl 242 166 | 105 90
Notes Typical occurrence kinds © Unit : Individuals/0.15 i
- (@ : Polychaeta Nereidae ' ' ' o
) Nephtys: - -~ - gpy
3 “(Orbiniidae” . -
@) Ophelina . sp.
& Gastropoda Cerlthl;dae
© Bivalvia Urgulinidae
(D Pillucina 5p.
38 Nitidotellina ~ type
@ Tanaidacea  Apseudidae
@® Crustacea Ampelisca = Spp.
an Grandidierella sp.

Cerithiidae of Gastropoda were predominant, 334 to 778 individuals/0.15
m* appearing at Site 8 and Site 13. . _ ?

As for Bivalvia, Urgulinidae were: found in greater quant:tles at the
sites near the sea water intake facilities of. Umnm Al Nar Statlon, aq com
pared with the other sites, 22 to 40 1nd1v1duals/0 15 n?. appearlng .at;
Site 1-A and Site 1-B. Also, hoth  Pillucina Sp. and Ahﬁdb&dhna type
were predominant at Site 20-A, respectively 65 1nd1v1duals/0 15 m* and
101 individuats/0. 15 m* appearing. '
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Apseudes of Tanaidacea and G«anduhe?ehh sp. of Amphipoda had a tendency
of increasing at the sites near the sea water intake facilities of Umm Al
Nar Station. On the other hand, Ampelisca sp. was not found appearing at
the sites near the sea water intake facilities of Umm Al Nar Station, but
appeared in quantities at 57 individuals/0.15 n¢ at Site 7 in Baghal
Channel. = :

(6)'Summary :
1) Features in Sea around Abu Dhabi Island

(a) Both the second fleld survey in summer and the third field survey  in
winter revealed greater number of occurrence kinds of Annelida,
Mollusca and Anthropoda as compared with the other divisions. Also,
no ‘large seasonal variation was found in the total number of occur-
rence kinds at all the sites. :

(b) Both in summer and in winter, the composition by division of benthos
was ‘almost equal on an average at all the sites, Mollusca accounting
for 51%," Annellda for 25 to 30% , and Arthropoda for 15 to 19% res-
pectlvely

(c) As for the dlStllbUthH condltlons of the main kinds, a comparatively

distinct tendency was found:at: the sites near the sea water intake faci-

lltles of Umm Al Nar Station, where both in summer and in winter, Opheli-

e —of- Polychaeta Apseudes of Tanaidacea and = Grandidierelle sp. of

Amphlpoda were dominant, with (bgulinidae of Bivalvia added to them in

winter, - : :

2) Bénthds;as Enyironmental Index

Benthos * have 'a smaller migrating capacity, as compared w1th plankton or
PlSLes,f-and their distribution and occurrence guantities are determined
by propagatlon and m01ta11ty in their respective localities, well ref-
1ect1ng the env1ronmental conditions in each paltlcular site. Also,
Polychaeta and vaalv1a, among benthos, and some species of Crustacea are
be1ng flxed as lndex Spec1es indicative of their growing environment in
numerous survey cases.

Generally speaklng, the numbe: of species decreases as the sea pollution
advances, g1v1ng birth to a tendency for only some determined species to
predominate. As a species which lives in high density in areas of organic
pollition or day-to-day oil contaminated zones, Gapitella capitata  (spec-
ies of Capitellidaé) is known worldwide.

Hereafter, it is considered necessary to give special attention to any
abnormal propagation of ‘these Capitellidae, as well as to the variation
in  the OCCunrence quantltles -of dominant species (cumehna sp. of Poly-
chaeta, Grandidievella sp., among the fellow members of Amphipoda, these
are considered able to withstand considerable pollution).
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3.8.3 Coastal Organism

(1) Purpose

The purpose of coastal organism observation is to clarify the distribu-
tion conditions of coastal organisms at typical locations around the Abu
Dhabi Island.

(2} Observation Location

The observation locations are as: shown in Figi 3.8.13. 4 locations were

selected in the localities which would represent the conditions of the
adherent base and biota in the coastal zone around the Abu Dhabi Isliand.

Arabian Gulf,

_ Pan'sﬁm“‘{ |
\\"! Reflna..:\_

- é A \h

"0 02 3 4 Skel
0 1 23 4 Skel

Fig. 3.8.13: Observation Location of Coastal'Qrganism-
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(3) Duration of Observation
The duration of observation is as follows :
1) Second Field Survey

chdber-g_to 12, 1988
2) Third Field Survey

February 12 to 15, 1989
(4) Method of Observation
The coastal organisms were observed by the Belt-Transect Method as shown
in Fig. 3.8.14, Guide ropes were roped off from the supralittoral zone to
the shore line and the quadrate was gradually moved along the ropes. The
individuals number or the covering rate of the organisms which were ob-
served in the quadrate, were recorded.
(5) Results
1)_Secohd:Fie1d Survey

The occurrence results of coastal organisms are as shown in Table 3.3.19.

.Fig; 3.8.14: Sketch of Coastal Organism Observation
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(&) Number of Kinds

The number of occurrence kinds at each of the sites is 4 to 13 kinds, the
smallest number occurring at Site 2 near the brine discharge.  facilities.
of Umm A! Nar Station. There was not much difference found in the number
of occurrence kinds among the sites;, except at Site 2.

(b) Main Kinds

Representative kinds included Pom:Pornatoleios kraussii of Nereidae, Liftor~
inidae, Planaxis swlcatus and  Siphonaria sp. of Gastropoda,  Isognomon
sp. of Bivalvia, Chthamalidae and Balanus amphitrite of Acorn Barnacles,
etc. - : T

(¢) Distribution

At Site 1 nearby the sea water intake facilities of Umm Al Nar Station,

zoning: consisting of Chthamalidae, . Balanus awmphitrite % and Pomatoleios
kraussii %% was observed. At Site 2 near the brine discharge facilities of

Umm Al Nar Station, the biota was simple, dominated by Planaxis sulcatus,

In the open sea, Chthamalidae dominated above the M.S. L. and fﬁpkonaﬁﬁ.a
sp dominated below the level. At Site 22, Monodonta dawma besides - the
above mentioned 2 kinds, were conspicuous.

Notes: % A species of tube worms. It is 15 to 35 mm long and has a ~cal-
careous tube of dark blue color. Distributed in Japan, South
Africa, the Indian Ocean, Australia, etc. :

#% A species of acorn barnacles. 15 to 25 mm in diameter and 7 to
12 mm in height. Its shell is white with dark purple stripes.
Distributed in the Indian Ocean, the Pacific, the Mediterranean,
the Black Sea and a part of the Atlantic Ocean. o

Balanus amphitrite

Pomatoleios kravssii
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Table 3.8.19: Occurrence Kinds of Coastal Organism in Second Field Survey

Date:9th~12nd October 1988

A | Kind Site 1] 2|13 2;
- , s B
1 Pol:dfe-?_a o Halic’:honc?ria 3 O -
5 'f.Poll'.yc':hziéta 'Pom'af:ole'ios kraussii O
3 Gas‘;ropoda Tectus sp. O O
4t f'{onodonta -dama O
5_. Monilea sp. O
6 ' Pegsuekka roepstiruffuaba O O.
7 Litto;ihidée O
8 -' Plaﬁaxis sulcatr.:zs O NOIION
9 { Muricidae O
1'0. Siphqnaria sp. O OO0
11| Bivalvia My:i lidae O
12 I éogno:.r:on sp. Q OG
1'3: Li;ustacea_ Chthamalus sp. Oi10] 0
14 Balanus amphitrite O @
1__5 urpcho_r_da_ - ASCIDIACEA (group) O i
16 _Cy#nbphyceae Cyanophyceae O O
[ — — . 1
1? Ch_lorophyceae Entermorpha sp. ]
Total number of species 13§ 4 [ 9|11 “
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2)_ Third Field Survey

The occurrence results of coastal organisms are as shown in Table 3.8.20.

~(a) Number of Kinds

The number of occurrence kinds at each site was 5 to 15 kinds, the small-
est number being registered at Site 2 nearby the brine discharge facili-
ties of Umm Al Nar Station. There was not much difference observed in the
number of occurrence kinds among the sites, except at Site 2. '

(b) Main Kinds

Representative kinds included Pomatoleios kraussii of Nereidae, ~Litto-
rinidae, Planavis sulcatus and  Siphonaria sp of Gastropoda, Isognomon sp. of
Bivavia, Chthamalidae and  Balanwus amphitrite of Acorn Barnacles, etc.

(c) Distribution

At Site 1 nearby the sea water intake facilities of Umm Al Nar Station,
zoning consisting of Chthamalidae, Balanus amphitrite krausii ~and Powmato-
leios was observed.. At Site 2 nearby the brine discharge facilities of
Umn Al Nar Station, the biota was simple, dominated by L1ttor1n1dae in
the upper part and by Planaxis sulcatus in the lower part. -

In the open sea, Chthamalidae dominated above the M.S.L. and Balanus
amphitrite. and  Siphonaria sp. dominated below the level.
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Table 3. 8.20: Qccurrence Kinds of Coastal Organism in Third Field Survey

Date:12nd~15th  PFebruary 1983
. :
No | ind — Site 1| 2 t1s |22
1 Porifera Haﬁchondr.ia 5p. O
—7 P'olyc.h.a‘e'ta Pomatoleios Kraussii O O10
31 Gastropoda Cellana radiata O
4 Téctus Sp. O O.
5. -Pgasuekka reepstoriffiana O O O]0O
6 Littorinidae OO0 OCIO
7 Plapaxis sulcatus OO
é Muricidae O
g Si?honaria sp. .O O
10 boridagea -O
11 | Bivalvia . Arcidae '®)
12: ' Mytil.idae ' O
13 isognbmon sp. O O10
14 Pteridae O
15 | Chamidae @)
16 C-rﬁstacea Chthamalus sp, 01010
1'} | Balanus amphitrite O oRNe,
18 | Asteroidea Asterinidée O
19 | “Urochorda ASCIDIACEA (group) Q
20 _C_yéﬁophyc_eaé . ._Cyano;i)h}fceae C Q
iﬁz_:_ Ch_l.o.rqphyc.e'ae_ . Entermorpha Sp. 0101010
| | ] Total number of species 15 1 5 | 10|13
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(6) Summary
1} Features in Sea around Abu Dhabi Island

(a) Both the second field survey in summer and the third field survey in
winter'revealed a greater number of occurrence kinds of snails (Gas-.
‘tropoda), with not much seasonal variation observed in the total
number aof occurrence kinds at all the sites.

(b) Slight variation was perceived in the occurrence quantities of some
species. In winter, individuals of Littorinidae and = Feasielle roep-
storffianaa were a little more numerous than in summér.: At - Site 22,
individuals of Monodonta dama weye found to have decreased. :

(c) The basic distribution pattern through all the sites consisted of
Littornidae, Chthamalidae and fsognomion sp. in theé upper part of the
tidal zoune, and Balanus amphityite, Pomatoleios kraussii “and Siphona-
¥ie genus in the lower part of the. tidal zone, but a slight diver-

'gency was observed in the compoesition of the kinds in the vicinity of
Umm Al Nar Station and in zones outside the channels. :

2) Coastal Organism as EhVironmental Iﬁdex

The tidal zone is constantly and repeatedly drying and flooding with
tides, and organisms living in the tidal zone are "Zoning” according to
their differences regarding morphological and phy31010gica1 resistance to
various environmental conditions.

On the intake side of Umm Al Nar Station, a well-defined Zoning by Chtha-
malidae, BiBalanus amphilrivie  and PorPosaloleios kraussii  were observed. It
has been proved by experiment that generally, even those varieties whose
adults have a high resistance to oil pollution are vulnerable to 1t duy-
ing the stage when they are floating larvae

Hereafter, it is considered essential to keep an eye on any variations in
the attaching quantities and attaching seasons of the above mentioned
dominant kinds through immersion tests using attaching boards CLov.- any
other means,
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3. 9 COH%IdE!atIOh
3. 9. 1 Resuits of Marlne Field Survey

An. ecosystem_relates to all of thL biological and abiclogical (geologi-
cal;, physical, and chemical) objects and also consists of mutual inter-
ference ‘which 'is very strongly complicated by the conditions which relate
one to the other. The oceanic environment is under the influence of pre-
cipitation on the-Coast;'tidal action, ocean current, or meteorclogical
action . and also, accumulation and distribution in the envircnment is
always balanced by the ‘adjacent water mass, or exchanges of material for
sediment and atmosphere.

The coastal hydrOSDhere is a complex and changeable ecosystem in many
ways. The material which is carried from the land is very changeable with
regards to quality-quantity, and sometimes shows seasonal variation which
has a b1010g1ca11y 1mp0rtant mean1ng

The characte11st1cs of each hydrosphele consist of composition, acting
force, process and so on. Some of those are light or extremely light and
others ‘are 'strong and permanent. When 1 of the forces or processes
varies, a new balance is produced in the hydrosphere.

Each ecosystem adapts itself to a particular environment for a long time
and ‘consists of biota and society suitable for the environment. Environ-
mental  variation as complete and rapid as pollution causes, eliminates
particular biology or rapidly increases other biology, and so decreases
the value of the ecosystem for marine utilization or amusement.

When-'a_systemrfalls.underithe‘influence of hazardous pollutants for - the
first time, the very sensitive species decrease or only resistant species
survive and so the’ system becomes simple.. ‘In the case of the system
already being polluted, then the society collapses even if only under
pollutlon of a relatlvely 11ght level

1) Mallne COHdlthﬂS around Abu Dhab1 Island

Uram- Al Nar Statlon is located in the lagoon, 25 km south east of Abu
Dhabi  City. Sea water from Arabian Gulf is supplied to the sea water
intake facilities of the station through several channels in the lagoon.

These channels have the feature of Shallow water depth and narrow channel
width,- o L .

D Tldal Levei
As shown in F1g 3.3.4 and Fig.- 3 3.6, ‘the variation of tidal level show-

ed principalty - the semi-diurnal per10d1c1ty, but the apparent diurnal
DErlodlclty was also recorded
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According to the harmonic analysis results, 4 principal component tides
of M, S, K, and 0, occupied the larger part of all amplitudes at - all.
the sites and the sum of the 4 principal component tides was about 100
cm. The value of the class1f1¢dt10n function of tidal types was vespec-

tively .09 at Site 1, 1.33 at Site 10 and 1.30 at Stte i8.- Therefore
the tidal types were mixed tidal type at Site 1 and diurnal type at Site

10 and Site 18.

The water level difference between Umm Al Nar_and Mina Zeyed'ﬁas-in the
range of +66 cm (Umm Al Nar is higher) to -41 cm {(Mina Zaved is higher).

2) Tidal Currents

The marine area around the Abu Dhabi Island was classified as - being 2
strong ~current zone - in Baghal Channel and Bateen. Channel, - a middle
current zone offshore of the Abu Dhabi- Island, and a slight current zZone
in Unm Al Nar Scuth Basin. Because of the geographical factor that Baghal
Channel and Bateen Channel have the feature of being of -shaliow water
depth and narrow channel width, tidal current speed - in both the channels
was very hlgh at 90 to 100 cm/s at the strongest current time, ~and  tidal
current direction was parallel to each channel. . S

In the offshore area of the Abu Dhabx Island there was a.dominant direc-
tion and the tidal currents of 10 to 20 cm/s ‘were the reciprocating
currents parallel to the seaside, that is to say, NE- ward or S¥-ward. In
Umm Al Nar South Basin, the current speed was small at 0 to 10 cw/s and a
dominant direction was not found in the tidal currents. o

According to the harmonic analysis results, the. tidal types were 'of a
mixed type at the sites, except offshore Site 15 where a ~diurnal type
almost like a mixed type, was shown in the summer survey. : S

According to the prediction of current conditions during the  maximum
spring period as shown in Fig. 3.2.7, the time of the strongest ebb  cur-
rent, which streams offshore, was 5 to 7 hours after H. H.W. L. " at ‘Mina
Zayed and was delayed more in the interior of the lagoon.

3) Water Temperatufe

According to the long-term observations, the maximum (the monthly average
being 31.1 °C and the monthly maximum, 34.4 °C) during the whole obser-
vation period was recorded in October 1988 and the minimum (the monthly
average being 18.8 °C and the minimum, 16.9 "C) was recorded in January -
1989. Then the temperature started rising in early February 1989. '

The maximum water temperature was. recorded at” ‘the 51te hear - Umm AI Nal
Station. The wvertical range of water temperature was: generally ismall.

That is to say, the formation of a thermocline may be very difficult in
the marine area around the Abu Dhabi Island both due to the shallow water
depth and to the relatively large current speed.
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4) Sallnlty

The sallnxty was xespect1vely in the range of 41.42 to 47.22 in the sum-
mer survey, and.41.38 to 47.21 in the winter survey, and all the observa-
tions*ShoWed a-salinity greater than 40,

Regarding. the horizontal distribution of the salinity, the salinity was
found to be lower as one advanced offshore. The diurnal or semi-diurnal
variation . was shown in the salinity in both the channels and its varia-
tion was in the range of 1 to 3.

The vertical range of sallnlty at each site was generally small in both
the summer and the winter surveys. But on the side of the brine discharge
facilities ‘of Umm Al Nar Station, the distribution of high temperature
and high salinity was found in the lower layer - during the ebb tide
period. This: phenomenon might be caused by the fact that the high tempe-
rature and high sallnlty d1scharge from Umm Al Nar Station streams north
while submerglng down to the lower layer

5) Wate: Quallty

In - the nelghborhood of: Umm AI Nar Statlon, hlgh distributions of water
temperature, . salinity, turbidity and TOC were observed. This phenomenon
might  be caused by the fact that the sea water near Umm Al Nar Station
cannot be easily replaced with sea water in the open sea.

6) Bottom Sedlment

At the 31tes near the sea-water 1ntake fac111t1es of Umm Al Nar  Station,
the . ratio of bottom sediments below the siliy portion was large and the
particle size distribution was fine. But in the offshore area of the Abu
Dhabi = Island and in the neighborhood of the entrance to both the chan-
nets, the bottom sedlments confalned many gravels and were coarse.

The ~coeff1c1ent-0f correlation between mercury, lead, copper, =zinc and
T0C and the“ratio below of very fine sand was 0.6 or more, showing a
tendency for these contents to increase as the particle size distribution
became finer. '

The ievél of heaVy.metals and organic substances in the bottom sediments
around . the —Abu Dhabi Island was low and it can be considered that no
remarkable marxne pollution is caused by heavy metals and organic matter.

7) Marlne.Organisms'.

(a) Phytoblankton (Water Sampling Method)

Both the second field survey in summesr and the third fleld survey in
winter revealed a greater number of océurrence kinds of Bacillariophyceae
and Dinophyceacas as compared with the other algae. Also, the number of

occurrence “kinds at all the sites, seasonally considered, was a little
greater in summer. |
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The average number of occurrence cells, horizontally considered,-_was
smaller around Umm Al Nar Station and greater in the offshore.

The occurrence conditions of dominant kinds differed.aﬁong‘the sitesh_and
between the tides. But  Leptocylindris danicus was predominant in = summer
and Haptophyceae in-winter. Also, signs of marine pollution were not

found.
(b) Zooplankton (Fater Sampling Method)

Both in summer and in winter, the number of occurrence kinds of Ciliata
and Copepoda was predominant. The occurrence conditions of dominant kinds
differed according to the seasons. Nauplius larvae of Copepoda were pre-
dominant in summer and Qligotrichida prevailed in winter. Also, signs of
marine pollution were not found. : : ;o

(¢) Zooplankton (Net Methdd)

In summer and in winter as well, the number of occurrence kinds of Cope:
poda was predominant and seasonal variation was not found in.the number
of occurrence kinds. Nauplius larvae of Copepoda  were predominant - in
summer and winter. Also, signs of marine pollution were rnot found.

Copepoda and Appendiculaté are considered.effeéﬁiVE'asfanlindek-of'mafine
pollution. : S R -
(d) Benthos

Both the second field survey in summer and the th{pd, fi¢1d  survey, in
winter revealed greater number of occurrence kinds of Annelida, . Mollusca
and Arthropoda. As for the main kinds near .the sea water intake  facili:
ties of Unmm Al Nar Station, Ophelina sp.. of Polychaeta, Apseudes  of

ranaidacea and Grandidierella sp.. of Amphipoda were dominant in summer
and winter. But these kinds scarcely occurred at the other sites.

Polychaeta and Amphipoda are considered'efféctive as an index'of,:marine
pollution, . . .

(e) Coastal Organisms

The basic distribution pattern throuthéll the'site$ cOﬁsfsted of Liﬁtur~
nidae, Chthamalus sp. and I[sognomon sp. in the. upper part of _the tidal
zone, and Balanus amphitrite, e, Pomatoleios kraussii and  Siphonariagenus
in the lower part of the tidal zone.

Also, signs of marine pollution were not found.

(2) Decision Factors of Marine Chéracteristics:aroﬁhdlﬁbﬁ Dhaﬁiflsléﬁd

The following are considered as. the maiﬁ'decigiOn:factbrs'df‘mafiﬁé;.qha?
racteristics around the Abu Dhabi Island: R :
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l) Lllmﬂtlc Condxtlons-

fhe Abu Dhab1 I%Iand is 10cated in a desert climatic zone and the annual
atmospher;c temperature is in the range of 10 to 45 °C. A little rain-
fall is found in. winter, but no rainfall is found in summer at all.
Accordingly, the temperature and salinity of the sea water avound the Abu
Dhabi Island are high at 18 to 36 °C, and more than 40 respectively.

Also,_ b1ota around the 1sland is liable to consist of suitable species
for these environmental conditions, :

2 Geographlcal Condltlons

The south of the Abu Dhabi . Island faces Arabian Gulf and the other 3
parts are close to a lagoon. There are several chamnels in the lagoon and
these: channels have the feature ‘of shallow water depth and narrow channe!
width. - : :

Due - to these geographical conditions, streams and returning currents in
the channels ‘are strong.. Also, because of the very long .channels, the
apparent :delay . in variation of tidal elevation and tidal currents is
found between the entrance, and the inner part of channels, and the ex-
change . of éea water between the interior of the lagoon and the open  sea
is not so good. -

3) Tidal Foree

The..annual maximum range of tidal level around the Abu Dhabi Island is
relatively large at about 2 m. So, the streams in the channels are very
strong ' '

3. 9 2 Pe110dlc Mon1t011ng Method for Mar;ne POlluthﬂ at Umm Al Nar
Statxon

The power and desal1nat1on plant uses sea watex as cooling ﬁater and raw
sea water.. The following points are desirable regarding the water quality
of the infake sea water

(D Small varlation in raw sea wate1 quality
.- DECIIHE in efficiency of power generation and desalination

2) Exclﬁsion of substances (NH,-N, H,S, so on) which corrode the mate-
rial of the equipment
.- Corrosion-of metal material shut down of plant operation

(3) Exc1u31on of subatances (SlOm(3aCI)3 so on} which pfoduce scale and
sed}ments

--- Decline in eff1c1ency of power generatxon and desalination,
© “corrosion
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(4) Exclusion of substances (0il, dissolved organic mattef, so on) which
cause bubbling in evaporator and blockage of sand filter
--- Decline in efficiency of power generation and desalination,
shut down of plant operation B - .

(5} Exclusion of bad smelling substances (pil, volatile organic -matter,
SO On) ' o S : : T
--- Quality decline of product watey

{6) Exciusion of sedimentation solid (sand, shell, Sd on)
.-- Erosion of plant material

(7) Exclusion of suspended solid (detritus, silt, so on)
... Corrosion of metal material S o

(8) Exclusion of fouling organism larvae (Barnacle,. Ascidiacea, 50 on).-
- - Corrosion of metal material, decline in efficiency of power gene-
ration and desalination :

(9) Exclusion of bacteria which causes slime production

--. Corrosion of metal material, decline in-efficiencyfof power gene-
ration and desalination S ' : ‘

(10) Exclusion of macro biofa (algae, émafl fish, jellj fish;‘so on}. '
--- Blockage of band screen : o

(11) Exclusion of hazardous substances (heavy metal, agricultural chemi-

cals) ‘
--- Quality decline of product water

Therefore, operation conditions of the power and desalination plant -de-
pend very much on the guality of the feed sea water;.,Accordingly;&infor-
mation on marine characteristics around the Abu Dhabi Island is necessary
for operation and maintenance-control of the power - and desalination
plant. ' ' ' ‘ S ‘ -' b R

Based on the decision factors of marine'characteristics around ‘the -Abu
Dhabi Island, the following periodic monitoring method of marine - pollu-
tion at Umm Al Nar Station is proposed as shown in Table ‘3. 9. 1. "
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Table 3.9.1: Recommended Items of Survey on Marine Environment

{tems ¥ater Quality Bot ton Zooplankton Benthos Coastal
Sedinent (Net Method) Organisn
Site No. N
! O o O QO e
9 O O O O -
13 O O @) O O
15 O O O O ~
19 O O O O -
23 O O _ O -
% O O - O -
Observation{ * 0.5 a below * Sutface of * From 1 m above % Surface of
Layer ' sea surface sea bottos sea bottom to sea bottom
% 1.0 m above sea surface
sea botton
Frequency | * Low tide period | % Susmer period |# Low tide period = % Every 3 months | ¥ Every 3 months
. N . ; g DA S
high tide period winter peried high tide period
% Every 3 months - ' * Every 3 months
Observation | * ¥ater temp. % Particle size | * Identification |# Identification|* Identification
Items % Salinity distribution & calculation of | - & calculation [ & calculation
% pH % Specitic Copepoda “of Polychaeta of kinds
# Dissolved oxygen | gravity & Appendiculata & Amphipoda -
% Turbidity * TOC ' : :
* T0C # 0i1 content
* Anronic nitrogen § * Nercury
# 0il content | * Copper
% Lead
* Zinc
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