RESULTS

4,1 Circulation Pattern of the Study Area

To determine characteristics of petroleum

hydrocarbons in p-breaking industry  area,

twenty-five mny mpli ' current measurements were
conducted at I _ iu - activity in June and
November 1989, i g el d \ ctions, integrating as a major

factor control were obtained from the

Y
D\

Sattahip and Chong Samed stations,

Meteorological r follows:-

Based on predicted tides
Ve

the current measuremen gure 4-1, was carried out a few
e e ot

hours after loi Lien the first sampling was

X'}
4" tide at Sattahip which
T

hofig Samed to the east are in

s AU ANYNTNYNS

The hourly recordeds'surface cugrent, Figure 4-2(a), was mainly

in %ew% W Foutldadice ¥l &l ko) Blratier to the

shore. The current rotated clockwise as tide changed from flood to ebb

taken after _V-_', ;

I
is to the west -‘l the study area and at

but counter-clockwise during the turn from ebb to flood tide. The
progressive vector diagram, Figure 4-2(b) reveals the net tidal drift

of about 264 m in the SE direction.
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Figure 4-2(c) shows hourly recorded surface current
measured in November. A longshore flow was less obvious than those
recorded in June. However, rotation of currents associated with
shifting between flood-ebb cycle followed that observed in June. The
net tidal drifted for this period was approximately 173 m in the SSW

direction.

Current speed and. d November were observe:d

as shown in Appendix
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21-22/6/89

Height of water in decimeter above the lowest low water

IR TUAMINYAE

Figure 4-1

Plotting predicted tide from tidetable at Sattahip
and Chong Samed which cover the Map Ta Phut area.
a) 21-22 June,1989

b) 24-25 November, 1989

START : Starting current ‘meEasursment
EHD  : Endirg current neasurement
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Figure 4-2 The hourly recorded surface current and
the progressive vector diagram.
a) The hourly recorded surface current in June
b) The pregressive vector diagram in June
c) The hourly recorded surface current in November
d) The progressive vector diagram in Movember



4.2 Petroleum Hydrocarbons in Water samples &7

L]
4.2.1 Concentrations of Petroleum Hydrocarbons in Seawater

LY
The dissolved / dispersed petroleum hydrocarbon

concentrations of water samples are shown in Table 4-1 and Figures 4-3
to 4-5. Figure 4-3 presents the concentration of water samples

collected at 1-m depth. For the periods of October 1988 and May

1990, most of the samples ! 1 u hydrocarbon concentrations

/&ples from station N6 (1.05

and Station N1, N8,

(less than 1 pg/1 ).
ug/l) and station N
N9 (1.00, 1.50 ang are the periods when
the ship-breaking i ity Ras 7“’ 2ady. bee nished. Concentrations
range from 0.27-1.% . and 0.14-1.80 ug/l was

found in May.

The hydrocarbonfconaer tions for the second (June) and the
B ik 2
third (November) sampling-—per: & 8how higher value with much more
e #Jf.;} ¥ boe .
he i ast sampling periods.

stdon of 5.03 pg/l was

variation when copp

For the second. "f'

found in the nu r area ( stations N1, N2 mlld y N15 AND N16 for
westwards tgj 8, { ea.stwards of the
scraping Eaij Eﬁ ﬂﬂﬁ ﬂ agl 1gher than the
concenﬁ ﬁ m 5 eil (stations N,

mé q Eﬁ m ;] IJ mjﬁ the offshore

waters {statinna 01, oz, 03, 04, 05 a.nd 06 ), respectively. High
concentratmns were found at stations N7, N8, N9 and N10, eastwards of
the scraping area. For the third sampling period, the average

concentration found in the inner area was the highest when compared



Table 4-1 Concentration of dissolved/dispersed petroleum
hydrocarbons in seawaters and creek water .

1-M DEPTH

SURFACE MICROLAYER
8T. OCTEB JUNEBY KOVES MAYS0 OCTBE JUNESS NOVBI MAYS0

N - .49 ‘ a > o " i -

N3 0.75 0.89 2.57 - - - - -

N4 0.97 0.74 1.04 0.22 6.67 14.88 1.19 4.52

N5 0.85 0.75 2.74 0.16 2.73 1.06 - 2.40

IR N6 1.05  7.47 2.28 - - - . &

NE N1  0.79 0.76 0.61 5.05 10.69 -

NG N12Z 0.47 0.25 0.69 0.24 4.91 1.B4 10.01 1.32

EI NI13 0.34 0.41 1.21 2.29 1.18 22.08 -

RO N17 0.48 0.54 0.43 0.16 4.36 1.83 27.98 1.00

N 0.48 481 I 3.93  1.54 30.14 -

0.69 20 5.44 1.85 6.99 1.28

1.06 1.19 1.00

10.69 30.14 4.52

4.36 16.40 2.10

4.98 10.92 1.30

7.28 5.13 5,84

oR 30.96 - 4.00 7.60

UE 22.25 1.7T4 -

TG 0.99 2.54 -

El 14.45 21.17 1.26

RO 0.88 8.85 1.22

N 7.70 1.69 1.64

0.88 1.89 1.22

30.96 21.17 7.60

12.07 6.45 3.51

10.39  6.44 2.68

0 @ 12.22 13.90 1.22

FR 8.63 13.82 -

FE 1 09 0.35 0.2 13.74 14.20 1.58

SG 04 1.43 0.29 1.69 17. rr 11.52 1.42

4 %IEJF? VN w6 1.2

0 'VI EJ’Fﬁ‘S: 20.56 1.28
R
E

0.27 0.0 0.13 0.2%, 0.52 1u11.52 1.22

AR AR SR T

1-33

q .86 0.14

c 4.97 3.00 2.88 2.64

CR C1 0.54 2.73 0.57 0.33

RE C2 0.83 1.33 0.84 0.30

EG C3 0.53 1.14 0.85 *

EI c4 0.42 * * *

KO C5 0.53 *  1.12 1.45

SN CB 0.34 0.58 1.73 0.34

Min 0.3¢ 0.58 0.57 0.30

Max 4.97 3.00 2.88 2.64

Hal.u 111? 1;?‘ 103‘3 1.“’1

s.D. 1.56 0.94 0.78 0.96

Note: * = Samples were not available.
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to other stations and was 1.25 ug/l, whereas the means of the outer

and the offshore areas were only 0.48 and 0.47 pg/1, respectively.

Figure 4-4 shows the hydrocarbon concentrations in the surface
microlayer. The concentrations were higher in June and November 1989
of scraping periods when compared to those found in October 1988 and
May 1990. In the second period, however, the mean concentration in

egially for the eastwards of the
the inner area (4.36 ng/1)
lﬁnre areas (14.67 ng/l).

un N9, eastwards of the

the outer area (12.07 pg/l),

scraping site, was highe :
but almost the aam '
High concentra.tion /

factories in the rd period, however, the

N

highest mean concent : / hé inner area  (16.40 ng/1)
1464 .ﬂ.ﬂ n" er are found as low as

and offshore water
i

6.45 pg/l. N7

A |
Average hydrod -r,_--f 61C ions from the outlet water
region for the four E=Y: _{ﬁe T¢ DEATS t.c- be on the same order
of magnitude, bei ~——"’“—’"'—”’“”H"‘"f*’k 1, respectively. High

ﬁd C5 (Figure 4-5).

“z“mﬁuﬁﬁmﬂﬂﬁwa1ﬂﬁ

a enpt to compare hrdrocarbun cuncenbatmnu in the

s 'Wf'lﬁﬂ AT B BURR) T 8 R et

1nd1cate an enrichment of hydrocarbon in the surface microlayer

concentrations weri‘jy T

(Table 4-2). The ratios of those concentrations varied from
1.49-10.70 and 3.59-20.55 for no activity periods in October 1988 and
May 1990. Higher enrichment occurred in the surface microlayer of

the offshore area during ship-breaking periods, being 0.16-431.5 and
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1.44-88.62 in June and November 1988, respectively.

-

4.2.3 Distribution Patterns of Petroleum Hydrocarbons
A

The concentrations of petroleum hydrocarbons in surface water
found at the first scraping period in June were remarkably higher in
those nearshore stations to the east of the cutting site than those on

the west (Figure 4-6). November observation reveal that

concent.rations of pe were found to be higher in

nt of the ship-breaking

t (Figure 4-6). The
“

o concentrations in water

both nearshore and
site in relation ta
distribution tendencs
Balp.le;s collected af A Sufdepth Wer ' ..{ to be similar. The
concentrations of pet bulk water found in June
were remarkably higherffinfthose neasshiore stations to the east of the
cutting site than "thgte .o# L-'i,h 5t : gure 4-7). In November
observation, the d15trit -vnn——;{ tern  implied that the higher
s ffound on the east of

"" ations (Figure 4-7).

concentrations of
scraping point i V

y

4.2.3 Fluorescence %pectra

G NI mm
c;:;”:a WiEa sl amﬂ IEE -

samples.

Further experiment shows that the synchronous spectra could
be divided into 3 types according to the maximum emission peaks

exhibited from the compounds with different numbers of fused aromatic



Table 4-2 Enrichment factor of hydrocarbon concentration
between ,bulk water and sea surface water.

STATION 0OCT88 JUNEBS NOV89 MAYS0
N14 10.70 2.75 4.10 =
N15 4.20 57.80 48,11 5.73
N16 3.27 0.16 21.07 B.T1
N4 6.88 20.11 1.14 20.55
N5 3.21 15.00
N11 6.39 -
N12 10.45 5.50
N13 6.74 _ 2N8H T . -
N17 9.08 3 . 6.25
N18 8.19 T ‘ 1906, =
N19 7.88 7.11
N8 11.9E 3.89
N9 14.64 4,22
ﬂlﬁ 1- H -
N20 B.20
01 1.49 . 575" 0 3.59
02 3.2¢6 181, 50~ 186, 38 =
03 1. 5.85
04 3.31 4.90
05 5.08

06 3.89 (.61 38 3,66

—-8,59
X120 55

AULINENINYINT
RINNIUUNININY

Min 1%




Figure 4-6 Distribution patterns of petroleum hydrocarbons

at surface water in June 1989 (above) and
November 1989 (below).
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Figure 4-7 Distribution patterns of petroleum hydrocarbons

in water column (1 m-depth) in June 1989 (above) and
November 1989 (below).
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rings (Table 4-3, Figure 4-9). The details of these peak types are

described below.

Type 1: Maximum fluorescence spectra is observed at 305-320
nm. Most seawater samples collected at the period of October 1988 and
May 1990 exhibited this maximum peak. The peaks could be concluded

as a representation of diesel ,when compared to the synchronous

spectra of different reported by Wattayakorn

(1987), ( Figure 4-10).

Type 2: The m 8 i 1 peak gcurred at 305-320 nm. and
other small peak \ this means that highly
condensed aromatics , ' \\\ present in the
sample. Only =obed fre tinn N5 at the first
period exhibited this sgec 7 \ |

v re:
Type 3: Peaks i d higher than 400 nm. were

observed which indicate HW sed aromatics from 2 to 65+

rings are present]li-the-sampiess

' samples collected in
June and November IEB exh}

& of ﬁectra.

- i T
o RTINS AN A Y
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Table 4-3 Synchronous spectrum pattern of water samples collected
in four study periods.

STATION OCTOBER 1988 JUNE 1989 NOVEMBER 1989 MAY 1990

Im. Surface 1m. Surface 1m. Surface 1m. Surface
microlayer microlayer microlayer microlayer

N1
N2

Lo Lo oo
=]

N4
N5
N6
N7
N8
N9
N10
N11
N12
N13
N14
N15
N16
N17
N18
N19
NZ0

LI B T I A I |

\\

B AR

ol T O O N - 0 T Y S e R |

01
0z
03
04
05

g
Ll B T

C1
cz
c3
c4
C5
cé

{HW L I el B s o T B R T . . T TR S O S TR T

.
w2,
=
[!!E ‘
|::§; w
= D)
e

) e
| :zz). i ;::3 e T

b“i&mmﬂ e e e el ol = O S S S
[ §
L]

o2
Lo
—
=
I |5E:3
=5 ah
s compts
ad)
I '::E; (I
Ce

|

maximum fluorescence spectra at 305-320 nm.

maximum fluorescence spectra at 305-340 and small spectra
at 380-400 nm. '

maximum fluorescence spectra at 305-400 and higher than
400 nm.

3
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Figure 4-9 Three type of the representative fluorescence
synchronous spectra.



101

]' .
!\i —a—ss  Arabian Liﬂht cruce
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Ho. 4 Tuel oil
iesel oil

relative fluorescena intensity

Figure 4-10 Flunresceng _:éj;':;.:!' s spectra of reference oils.

Source : Wattayalcrn (1987
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4.3 Distribution of Tar Balls 102

Deposition of beach tar in the area ranged from 0.62-20.83,
0.10-113.89, 0.47-209.11 and 0.85-69.11 g/m in October 1988, June and
November 1989 and May 1990, respectively. Heavy tar deposition was
observed at station N (Table 4-4)., Concentrations of beach tar

deposited at station N ranged from 69.11 g/m. in May 1990 to 209.11

_'., nst tar at low and medium

high tide mark. Large

g/m. in November 1989. Types observed can be separated into

fresh tar, sand coated té

deposition accumulatee

freshly and stic \\\ N was found mostly in

the intertidal area widh \\\ d aged tar found at the

avy and medium deposition

high tide mark. Fresh A /
4k, ?\\\

during June, Novembergan g,. but ion of tar ball is shown

in Figure 4-11.

! y:.—f )

§
ﬂuﬂﬂﬂﬂﬂﬁwmﬂ‘i
’QW]NT]?&JN'MWWEHMI
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Table 4-4 Distribution of beach tar (g/m) deposited around
ship-breaking factories on Map Ta Phut sea coast.

STATION October 1988 June 1989 November 1989 May 1990

amount type amount type amount type amount type

N1 2.5 S>A 1.2 F>8 0.5 s
Ban Phala
N2 0.8 F>8 5.4 S>F
Ban Payoon
N3 7, 10,5008 19.0 s 6.5 F>S
Ban Nam Tok .
N 5 F 69.1 F
Ship-breaking area
N6 0.6 F>8 23.8 F
Ban klong Pet
NT 0.5 SYAF 1.6  A>S
Ban Aao Prdoo
N8 0.5 S>F 1.1 S>F>A
Ban Ta Kuan
1. i
Bﬂnﬂe i B ¢ + ‘TS 209.1 ﬂ-9-59.1
;l.h' -
Note = = not measu

8 relatively soft, coated with sand
and may contain entrained sapd, since it hds’/been exposed

. ARIASIRIINIERESRL,

sand and shell fragments as it has been retained on the beach
and exposed to air for a long period of time.

F : ;@Eﬁ;ﬁmﬂﬁ: mEJ l'Tﬁpﬁallnst free of sand
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Figure 4-11 Distribution of beach tar around ship-breaking
factories on the Map Ta Phut sea coast.
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4.4 Distribution of Petroleum Hydrocarbons in sediment samples

Hydrocarbons in sediments were analyzed as base line
information of the concentration level for petroleum hydrocarbons
around the ship-breaking industry located in the Map Ta Phut area.
Samples were collected before and during the scraping operations in

October 1988 and June 1989, ctively. Samples were grouped

according to nearshore (st and offshore (station 01

to 06) locations. Sedi st affected by the leaked
0il from the upstre a representative of a

creeks sample,
4.4.1 Sedime

geneous distribution
of sediment grain size Moy nea 7S hfﬂj: {;' offshore sediments in
this area. Therefore, g :wf-;f-f’{f 'sis was performed on some

selected sediment snnplggﬁﬁﬁgf- Station N, N4, N16, N8

(October) and Sta 39 and C (June). The
h )

results are shown iu; able : BhiﬂF sediments were found
to be composed of more.than 95 percept sand where as grain size of

offshore aed:.ﬂﬁd%}}%rﬂ%ﬁ w;ﬂq‘bﬂnﬁclar as well as

some shell debris.

QW’T@\"Iﬂ‘im 1NANYIA Y

rganic contents in sediment are shown in Table 4-7.
Percentage of organic content found in October sediments ranged from
0.03 to 1.04 with an average of 0.28 in October sediments and ranged
from 0.08 to 1.41 with an average of 0.41 in June sediments. Offshore

sediment contained higher concentrations of organic matter than the

105
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nearshore sediments. The average percentage of water content were
observed to be 17.34 and 17.35 in October and June. The details are
presented in Table 4-7. Percent water contents can be used for
converting the unit of dry sediment to wet sediment in comparison to

other previous reports.

Sy

ected sediment samples
ap Ta Phut,

Table 4-5 Grain siz
around the

i //MI' i\\m\

Statior

N
N4

N16
N18

sediment samples
a Phut,

Table 4-6

aﬁ‘ﬁnaﬂnimmmmas

95 3
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Table 4-7 Organic matter and water content in sediment samples
collected at ship-breaking industry area at
Map Ta Phut, Rayong Province, in October 1988 and June 1989.

October, 1988 June, 1989

Station Organic Water Organic Water

Matter Content Matter Content

(%) (%) (%) (%)

N 0.14 13.24 0.27 15.25
N1 0.14 17.51 0.10 17.65
N2 0.11 wiil 14.74
N3 0.17 19.16
N4 0.20 16.22
N5 0.11 14,18
N6 17.85
N7 0.22, 19.92
N8 . 13.24
N9 0.08 16.55
N10 - 18.13
N11 0. /5 ANIIRD 13,76
N12 0.03 3476== " 10310 12.74
N13 0.1 = AR\ 15.11
N14 . , 13.85
N15 0.08 8445l 17.66
N16 0.2 ) 16.51
N17 0.38 y?ﬂ 12.29
WNilg 0.17 - S 17.44
N18 0.22 16.58
N20 0.29 21.16
01 0.89 21.45
02 0.87  28.90 0.8 £ 19.81
03 0745 ' 3.26
04 0 : '21.22
05 1 26.17
06 0. 0.64 14.67
c 0.22 ¢ . 17.14  ,,0.22 19.32
Min 26.29

26.1%

Max Yios 28,90 1.
= QAT URTANe A
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4.4.2 Distributions of Aliphatic Hydrocarbons (Fraction 1) in

Sediments

Retention times and Kovats Indices of standard n-alkane
mixture are presented in Table B-1 in Appendix B. The gas
chromatograms of the mixture of standards n-alkane used in this study

were presented in Figure 4 Concentrations of n-alkane in

sediments are listed in Table B-2 | and B-3 (June) in Appendix

: alﬁ to C were observed.

' | 30
Total n-alkane rnu/ : dr '. ent to 1.79 ngg dry
. ; ' in October and
th an average of 0.36

for the aliphatic

Gas f aliphatic hydrocarbons from the

Map Ta Phut sedimefits ided : ypes as follows:-
V. ')

Type 1 homolagous series of odd-and

even-numbered alkanas‘-sg}erinpnsed on the Unresolved Complex Mixtures

(UCM). The ﬂn%&}@;m Hﬁihw&qm numbers usually

presents in ne rl:r the same copcentratm The odd-wn predominance
values in ’}_-aeﬁﬂi;m “%’-}Q m&r}amtﬁl , 1980).

The represantative chromatograms such as the chromatograms from
station N and O revealed an obviously UCM as shown in Figures 4-12

(b and c)

An envelop of UCM of aliphati;: hydrocarbon was presented

above the baseline produced by blank samples in almost samples. This



is an indication of a very large number of compounds typical of

petroleum (Farrington , 1980).

Type 2: Representation by n-alkanes where predominant at

c , C and C in addition to the presence of the several
17 19 21

homologous series of even-and odd-numbered alkanes superimposed on

UCM. Normal alkanes i ine J” lankton often exhibit this

§ & + It indicates +that the

contamination impac xoleum hydrocarbon were

combined on the sedi ‘re collected in nearshore
areas in two stud 1 . representative chromatograms of this
type depicted fro 8%, N N18, are Bhown in Figures 4-12

d,e,f,g,h and i.

Type 3:

retention times of

glear peaks dominance at

superimposed on the clearly

present of UCM. yl,.._. nsence of no: e €

’«wudiug after C Was
21

found. This 1nﬂicut£y the degraded charncteri;Elc of oil and biogenic

¢
8 « Most ; i {DI.DE.UE.DQ 05
ML 1) i g
and 06) in 2 stu riods exhibi g8 type of chromatograms. The
¢ s
represe W-] amm Imﬁ m |‘Tﬂ icted from
atatiang are Ewn n gure:g- 2 3. ET)

109
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Carbon Prefepence Index (CPI) means the ratios between total
weight of odd-carbon homologous and the weight of the even-carbon
homologous (Yen, 1975 and Sleeter et.al., 1980). The CPI fm: 56
sediments studied in this 2 periods ranged from 1.1-9.6 in October and

I.ﬂ—‘hu in Jtma-

The isoprenoid pristam d phytane were found in most gas

chromatograms. Pristane / n-alkane C17 and phytane
after C18. The ratio 8 @17/prigtane ranged from 0.5-28.1 and 0.4-11.9
in October and J(

a.;\ o of C18/phytane ranged
from 0.5-6.8 and 0.9 // \\\

/ me ranged from o.5-16.1

and 0.2-23.8 in Octok i .1;9' (Tables 4-8 and 4-9).

Distributiogfof tot. Jr-al) . i shown in Tables 4-8, 4-9
and Figure 4-13. Quanfit iphatic UCM found in October
and June sediments weng 2T in Tables 4-8, 4-9 and Figure
4-14. Total aliphatic twiroca UCM + total n-alkane) were

presented in Figure 4-15.

]

2
ﬂ‘lJEl’WlEWIﬁWEI’]ﬂ‘i
’Q"'mﬂﬂﬂ‘iﬁu AN Y
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Figure 4-12 hatic hydrocarbons in the

Al j’l

V-alhai to number of carbons

2- 2= Tie ( ternnl standard)
: Unresolved Complex Mixture

Pr PE Pristane

ﬂ,ﬁﬂﬂiﬂmwﬂﬁﬁ

Station N . (October,

RN S iy N

f) Station N8 {ﬂctaher,lﬂﬂﬂ]
g) Station N8 (June, 1989)
h) Station N15 (October,1988)
i) Station N15 (June, 1989)
j) Station 09 (October,1988)
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d) Station N18 (October, 1988)
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Table 4-8 Aliphatic Hydrocarbons in the Map Ta Phut sediments

collected in Octerber,1988.
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Table 4-9 Aliphatic Hydrocarbons in the Haﬁ Ta Phut sediments

collected in June,1989.(ug/g dry sediment).

phy

cl7/ cl18/ pris/
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Figure 4-13 Distribution of total n-alkane in the Map Ta Phut
sediments.
{a) October, 1988
(b) June, 1989
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Figure 4-14 Distribution of aliphatiec UCM in the Map Ta Phut
sediments.

(a) October, 1988
(b) June, 1989
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Figure 4-15 Distribution of total aliphatic hydrocarbons in the
Map Ta Phut sediments
(a) October, 1988
(b) June, 1989
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4.4.3 Distriputions of Aromatic Hydrocarbons (Fraction 2 ) in
Sediments
A}
Aromatic hydrocarbons in the sediment samples were

studied both by UVF and GC techniques. The results are as follows:

4.4.3.1 Aromatic Hydrocarbons by UVF Technique

ic hydrocarbons extracted from
the Map Ta Phut sedi UVF technique range from
0.06-0.87 ug/g dry we -1.86 ug/g dry weight in

June. The detaileg n Table 4-10.

etruleun hydrocarbons in

the two study perfodsf afef@hof 15.

tra of sediment samples
can be divided into 2 he maximum emission peaks as
follows:-

Hijon peak occurred at

310-320 nm. The sl : i@a exhibited this type.

s SUEATEN RO G 2
I RSN I e

October,1988) N1, N9, N20 (in June,1989)).

Synchronous spectral depicted from stations
N8 (June) and N (October) were representative for type 1 and 2

spectra, respectively (Figure 4-17).
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Table 4-10 Concentrations of aromatic hydrocarbons from the Map Ta Phut
sediments around the ship-breaking area before and
during operations in October 1988 and June 1989,
respectively, determined by UVF method (pg/g dry wt).

Site of collection October 1988 June 1989
N 1.86
N1 1.43
N2 0.86
N3 0.65
N4 0.51
N5 0.44
N6 0.58
N7 0.27
N8B 0.34
N9 0.77
N10 0.43

+ N11 0.48
N12 0.64
N13 0.38
N14 0.53
N15 0.49
N16 0.48
N17 0.86
N18 0.31
N19 0.73
N20 0.9
01 0.64
02 : 0.72
03 ' 0.87
04 "'y 0.62 0.76
05 ~ - 0.77
oo FULINEBNININT o6

LY
C 017 0 & ~ Q0.95
| h
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Figure 4-16 E;at;ibutiun of total aromatic hydrocarbons in
e Map Ta Phut sediments (UVF techni
(a) October, 1988 chniaue).
(b) June, 1989
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a) Station N16
(June, 1989)
‘.".'I\ \ b
AL rings
) \ b) Station N
i / (October 1988)
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4.4.3.2 Aromatic Hydrocarbons by GC Technique

Retention times and Aromatic Retention Indecies of

A
standard aromatic mixture are presented in Table B-4 in Appendix B.
Concentrations of identified aromatic hydrocarbons in each compounds

were shown in Table 4-11 and 4-12. Concentrations range from 0.6 ng/g

to 40.0 ng/g dry weight in Oc

ng/g dry weight in June. _ fied aromatic hydrocarbons found
in sediments & ‘ py 1988 were Binaphthyl,

2,6-Dimethylnaphthale

r sediments and from 3.6 to 112.3

aphthene, 9-Fluorenone,
Dibenzothiophene, her, A ‘h,;*,-jj 1-Methylphenanthrene,
Fluoranthene, Pyre 1,1-Binaphthyl(spike),
Benzo(a)anthracene and Perylene. The
identified aromatic 4 liments collected in June,
1989 were Naphthale 2,6-Dimethylnaphthalene,
Acenaphthylene, i;‘nzaflurnn. Fluorene,

1-Methylfluorene, Ferione, . - DAL othiophene, Phenanthrene,

Anthracene, 1- V- ; ‘ ne, Pyrene,
11H-henzo{h}f1unreq§1 - eﬁaﬂ)and Chrysene. The
recoveries for omatic  hydrqocarbon analysis are found to
be 61.1-65. sﬂ%&l’}ﬂleﬂ%‘é Pl coppound are shon 1
Table 4-11 an 4-12. Total @romatic  hydrocarbonsg/ range rom

7 -S| GVl Thad Mt | odd | 6 ABE wna sune,

reapect;vely. Offshore sediments seems to contain higher aromatic
hydrocarbon concentrations than nearshore sediments. The total
aromatic hydrocarbon concentrations found by GC method are lower than

those examined by the UVF procedure.
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Gas chromatogram of standard aromatic hydrocarbon mixture
used in this study is jpresented in Figure 4-18. The representative gas
chromatograms depicted from station N6 and 06 (June) are shown in

41
Figure 4-19.
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Table 4-12 Identified aromatic hydrocarbons from the Map

in June,1989 (ng/g .dry sediment).

Compongds

Nearshore Offshore Elongs

I Wl W W) I IS M T LB T 16 d7T lml® 09 20 200 202 03 4 0§ 06 Ic

I Maphthalene

BI - - - - e . = s w o w s e o mom om owmom
2 1-Nethylnaphthaiene e e = &T M s e o= < Iy - - - 8 - - - -
3 1,6-Diwethylnaphthalens 205 - - - - - T | B 8,2 - - - T - - = 18l - -
| Acenaphthylene 6 W9 - T o1ME - - - - P 6 A4 - - - WD - N
6 Acenaphthene 5 s e e o e e e e b Ao G = e Ly e i g2 = w5 W s
T Dibenzofluran - - - - - - = & = , i = - By - - s - E3 4§ - ¥ 2
8 Fluorere TS NS | A T | % B il - B - HE = BT OBE M = = My e
3 1-Kethylf lnorene S T TR B - | ne - - - Wo- - W - W 61 %S -
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o .
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Figure 4-19 Representative gas chromatograms depicted from

stations N6 and 06 in June, 1989.
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4.4.4 Gas Chromatography/Mass Spectrometry (GC/MS) Analysis

The results of GC/MS analysis of selected sediment
samples are shown in Appendix C. Mass spectra of some representative
n-alkanes are shown in Figure C-1 and those of the PHA are shown in
Figure C-2. Compound identification was based on a comparison of mass

spectrometric fragmentation patterns and their retention times.

y;
I
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4.4.5 Distribution of Petroleum Hydrocarbons in Sediment

Core Samples .

A
Forty centimeter long sediment core sample was taken

at station C. The core sample was cut to 10 centimeter interval and

each subsample was analyzed for petroleum hydrocarbons.

et fluorescence spectroscopy

yigl
ﬁent cores are given in Table
..J

4-13. The accumulatime setin hydrocarbon con-

The results from

analysis of petroleum hyd

centrations at highe

each core subsamples

The distrib

\ Aromatic hydrocarbons in

r\- tions at higher depth. Most
tu ‘{UCH] and homologous series
af odd and even n-alkane were

shown. Gas chroig alkan iiept core samples are

3,
presented in Fig" - ‘ Table 4-14 and summa-

rized in Table 4—E.

sediment corﬂsﬂﬁ ﬁwwﬁfwmﬂ— and Table 4-16.

Table 4-13 Petroleum hydrocarbons conceatrations in gediment core.

A -~ |
- A ]

Gas chromatograms of ﬂmatic hydrocarbons in

M Petroleum concentration
(cm) type (pg/g dry wt, chrysene eq.)

e LD DD
]
=]
1
(]
=]
E
(=
=
-
[yl
e
[
1]
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Figure 4-20 Fluorescence Spectrum of Sediment core sample
colie_:f.::t.ed at various depth at station C.
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Table 4-14 Diatribﬁtiun of n-alkane in sediment core
from Station C, (ng/g dry sediment weight).

Compounds Depth (cm)

0-10 10-20 20-30 30-40

c15 . 39.4
c16 130.8
c17 366.0
c18 430.4
c19 197.8
c20 241.3
c21 0. 143.4
c22 w 218.7
c23 57.4
Cz4 58.7
Cc25 21.3
C26 32.9
c27 13.0
c28 10.1
c29 =
TOTAL 1961.2
= = oy
Table 4-1 Alipk arbon cencentrations

“ from sediment core samp
¢ (ug/g dry sediment weight).

F “Ta

(cm
— -

QR0 AT TANTAA

Total alkane 0.46 0.31 2.08 1.96
UCM 1.91 1.31 2.29 3.26
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Figure 4-22
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Table 4-16 Aromatic hydrocarbon concentrations from sediment core
samples (ng/g dry sediment weight).

Depth (cm)

Compounds 0-10 10-20 20-30 30-40
Acenaphthylene trace - 10.64 trace
Dibenzofuran - - - -
Fluorene \ 7 b = trace
1-Methylfluorene e / | 26.53
9-Fluorenone - / ‘ - trace
Dibenzothiophene é - 31.28
Anthracene —— 255,17
1-Methylphenanthrene 58 | 2 40.45 -
Fluoranthrene A\ {:‘{"“--..,_ 111.06  183.46
Pyrene ‘ ' IR 10,3 21.13 -

11 H-Benzo(a)fluorene ‘=B \f\"‘- \ = 435.95

Benzo(a)anthracene ey |\ \t‘\:\ 38.3 115.82

Benzo(b)anthracene pacE o ra.-::e trace
(1 —¢ A5\

Total / r%&k\ 56.08  1021.68

Y
J

AULINENINYINS
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4,6 Petroleum Hydrocarbons in Bivalve Tissue

Hydrocarbons in bivalve tissue of composite Donax sp. were
analyzed. Samples were collected from 6 stations namely Ban Phala (N1), Ban
Nam Tok(N2), Ban Payoon (N3), Ban Kong Pet (N6) and Ban Takuan (N8) before
and during operations in October 1988 and June 1989, respectively. As a
result of an UVF analysis, the concentration of petroleum hydrocarbons in

\\ 11/

Table 4-17 ﬂancentr <1 m\ pet] ﬂ “um' hydrocarbons in bivalve
Donax sp lected at"ship arenklng industry
a-*l during -::: -ions in October 1988

: : analyzed by UVF
/; 3‘&\\

. 5\\\\ oy

bivalveDonax sp. tissue are . 'in Table 4-17.

Site of collectior

N1 3.14
N2 1.96
N3 3.84
N6 4.17
N7 3.26
N8 2,98
7@3}- identified by GC
technique. Conce ‘f}.. \ 1o anged from 9.57 to

43.23 ug/g dry weil? ut Dominant peaks at retention times of C , C
17 19

i ¢ @um mm WELA N decartons foma 1o

17

hlvalefT@h qﬂWﬂﬁﬂfWErﬁ ﬁ leuthinphene,

phenanthqene, racene, l-methylphenanthrene, fluoranthene, pyrene

and benzo(a)pyrene. Concentrations of total identified aromatic



1bg

hydrocarbons range from 32.5-312.5 ng/g and 82.4-486.6 ng/g in
October and June, respectively. The details concentrations in each
samples are presented in table 4-18 and 4-19. Concentrations

of identified aromatic in bivalve are shown in tables 4-20 and 4-21.

AUEINENINYINS
ARANTUNNINGAY



Table 4-18 n-Alkane distribution in bivalve Donax sp.
in October, 1988 (ug/g dry weight).

Compounds 1 2 3 6 T 8
Cl15 0.43 - - - 0.35
C16 0.38 0.25 1.33 - 0.21 0.89
Cc17 2.67 1,13 1.93 0.44 0.32 3.57
cls 1.85 0.88 1.66 0.36 2.72 2.25
c19 2.02 0.597 1.01 0,98 1.26 3.61
C20 1.14 1.04 1.11, 0.34 1.59 1.04
c22 0.32 0.34 D.46 1.75 0.97
c23 0.21 0.25 [}, 0.82 0,38
024 |1 - -
Total 9.76 14.91
UCM 115.32 B84.6
Total 125.08 99,51
Table 4-19 n-Alkané disgriby f ; ival Donax sp.
in J 45 ¢ ey
Compounds 1 8
Cl5 0.15 1.38
C16 0.08 2.65
c17 0.96 3.44
c18 0.7 4,79
c19 1.17 ﬁg 5.7 5.58
C20 0.51 4 6.69 6.64 5.68
c21 3 22 2.67 5.47 ] 5.15 4, 93
c22
c23 !ﬁiﬁLJgE;qu 1;[!§|1V]3 3 ﬁ;
c24 - |
c25 0. 1.99 1.87 ﬂ 9? 1.06/

a9 B AN T N TR TR

Total 13.23 10.84 43.06 43.23 42.2 38,94
ucM 114.23 73.82 120.62 147.62 112.5 125.43
Total 127.46 84.66 163.68 190.85 154.7 164.37

147
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Table 4-20 Polycyclic aromatic hydrocarbons(PAHs)found in
Donax sp. (October,1988)(ng/g dry weight).

Compounds Nl N2 N3 N6 N7 N8
Acenaphthylene 46.5 - 38.8 76.5 - 25.2
Acenapthene 23.9 - 29.6 71.7 11.1 -
Dibenzothiophene - 6.9 - 38.6 12.9 21.1
Phenanthrene B85.2 16.7 29.9 54.4 33.8 18.6
1-Methylphenanthrene46.7 8.9 36.5 58.7 27.1 -
Fluoranthene 12.6 ‘ 18.6 - -
Pyrene 6.8 - -

Total B4.9 64.9
Table 4-21  Polye¥cli¢ afgnétic hydrocarbons(PAHs) found in
Z 195 Bi!ht-} .
Compounds NT Na
Acenaphthylene 41.6 .9 91.6 25.2
Acenapthene 29.4 e 38.7 41.4
Dibenzothiophene - .6 - 18.5
Phenanthrene 132.1 2 123.4 132.6
Anthracene -¥3.8 - 38 — = R -
Fluoranthene V: » = i
Pyrene m - 0.2
Benzo(a)pyrene 3 - - -

w140 W YA AT e
RINNIUUNIIN Y



CHAPTER V

DISCUSSIONS

5.1 Distribution of Petroleum Hydrocarbons in Waters

The study indicates that the distribution patterns of

petroleum concentrations for June and November are

rather similar. Higher cancent:

s - — .
during the operation - m@he first and the last

periods. As for data co

g¢efound in June and November,

the same as that fouwy &, in the lower magnitude

than that reported “iiﬂ for the nearshore

seawater at Pattaya tofTrdd “:1_\\;\-n 0.02-5.29 with a mean

N

e marine environment are

of 0.65 ug chrysene eq

Hydrocarbons
actually originated from ¥aficus he types of polycyclic
aromatic hydrucar.=’

emission and smtﬁ‘on

sensitive to changesyof composition of the petroleum hydrocarbons

(v, 1981). ﬂ‘lJEl’J“r’lEWlﬁWEﬂ’]ﬂ‘i
Qmﬂwmww]ﬂwﬁy of the

emission §fluorescence spectra occurred at higher wavelengths. This

';‘=1 determined by both

li!ter is particularly

suggests that most samples contained higher molecular Héight

aromatics hydrocarbons (Law, 1981).

In synchronous spectra, compounds with different numbers

of fused aromatic rings exhibit their maximum emission spectra at



150

certain wavelengths. Benzenes containing 1 aromatic ring emits the
maximum emission spectra most strongly in the 280 - 290 nm region,
naphthalenes containing 2 aromatic rings( around 310-320 nm) 3 and 4
aromatic rings between 340 and 380 nm, and compounds with 5 or more

rings at above 400 nm (Hamilten, 1989),

It is found that most seawater samples exhibit their
maximum emission fluorescene .. nm, which indicates that they

contained mostly 2 apematie ri gs. peak is believed to derive

primarily from diese ic small and big fishing

boats. Investigatio Jizum\ hydrocarbons
: ZIANNS

Sea, Baltic Sea = $lant ¢\ Ocean showed  that diesel oil

in seawater from North

exhibits a maxim spectra around 320 nm.

(Theobald, 1989}, )8 diesel engine fi-“ing
boats in Ban Phala, eries Statistic Section,
1986) and approximatel ine boats in 1989 (unpublished

data from EMFDEC). Therefofe; 4t can'/ uded that a contamination

of diesel oil in Seiwater—comes—trom—ti :‘f fishing boats.

Most seawﬂer samples collected in ﬂne and November 1989,
L7

¢ o
when the ship i | /Tﬁ ed peaks 310-320,
340 - 380 udﬁﬂrﬂhzomg‘{ﬂgwiﬁcnes E ::eaence of more
-
highly W m ) s petroleum
IR N TN TR

hydrnr:arbqn‘a in the area, wever, do not exist. Therefore , it ecan
be concluded that the ship-breaking plants were responsible for this
type of oil. The oil contamination in seawater caused by escaped
oils from machine, spaces, ballast tanks and fuel tank during

scrapping. The marine bunker C oil, which is the kind of oil used in
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cargo vessel, tanker, ocean transportation vessel, and Ekofish crude
oil exhibit emission wavelengths of 320 nm. with distinct maxima at
360 and 410 nm. These spectra are caused by higher boiling aromatics

which process more than three rings (Theobald, 1989),

The average concentration of hydrocarbons from creek water
along the coastline in various sampling periods appear to be similar.

High concentrations were obsepyéd &i klong C, Cl1 and C5. This is due

to an effluent discharged from & i, iking plants. Klong C5 also
received effluents of various factories
located in the Map Ta that contain petroleum

hydrocarbons,

The surface ' G Poasts ea serves as an important

microalgae, protozoa,

habitat for org ‘.'J' _ \\‘\\
' \

crustaceans and inveftel \\ e@gs and larvae of many

commercially importan 1 fish. In addition the

hydrophobic nature bon such as petroleunm

hydrocarbons ~~ﬁﬁ:?3f=,:"‘"“'-"ﬁ"’“:sm at the surface

i
e

microlayer. Therefdre, leE}ng organic carbon are

found to cuncentratg in this agya; tic surface microlayer (Hardy

o 6 YA INENTHEINT
mwmmw ek luL

to contaminated surface microlayer showed reduce viability. Hardy
et al, (1990) suggested that the surface contamination in the
Chesapeake Bay potentially toxic to floating fish eggs and other

surface organisms. In this study the effecﬁs of petroleum hydrocarbons
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in surface microlayer on organisms are not observed. The enrichment
factors of concentrations between surface to bulk water can
determine the degree of aquatic surface microlayer pollution at
selected sites (Hardy, et al, 1990). In this study it was found that
petroleum hydrocarbons in the surface microlayer are higher in
scraping periods of June and November,1989 than in October 1987 and

May 1920.

An attempt were &

wind on the distributiga

Both hourly rifted observed in this

study clearly dem The S8W wind recorded
in 21-22 June shou 0¥, induce flow toward
the east and this is : !33‘  “+ & 4-9(a). Consequently,
the net tidal dri : ¢ 8E direction. On the
other hand, the NE preVailing & :‘F November explains the  SSW
direction of nep tida :gﬁ;;j«;:;,__ t dj, indicatea that majority

of hourly (.IT=T=T==~—="-=—'=*"”‘:,f it as shown in Figure

)
a.

4-9(c).

au:m e
TS

Very good agreement between the direction of net tidal drift and
concentration of petroleum hydrocarbons observed leads to  the
conclusion that both wind and tidal current will transport oil

contamination toward the SE direction in June. Results from November
L]
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observation reveal different picture but the same conclusion.
Concentrations of petroleum hydrocarbon were found to be higher in
those stations, both nearshore and offshore, in front of the
ship-breaking site in relation to those on the east and west. With
the net tidal drift in the SSW direction, toward offshore, the effect

of wind and current in transporting contaminated oil is confirmed.

According to the physiga

/ cteristics of current in June
and November, it is suggesSted th i‘ ;})}tends to concentrate near

i@lly the east side of the

scraping factories in J shore area in HNovember,

This phenomena woulg > Map Ta Phut deep sea

port is in opera;i:i Treated and untreated

effluents from the Map/T: te, including petroleum

hydrocarbons, will dispfrse- nearshore for sometime

before they will be carried ot ...u..
f#" (4, = 2y

The progressive #ecic ":‘. e

b

the direction and speed

)
o

those from lid—deﬁh

‘i evel are similar to
%:ﬁm in Figure B-1 in
Appendix B. The pre‘vi;iling wind dat obtained from the meteorological

station of ﬁeu%}falwlgaﬂaﬁ wrﬂlqeﬂ in Table B-3 in

Appendix B.

W UINIINYPY

shelves and coastal waters was studied (Mimicos, 1980). It has shown
that the dominant role of winds and weather systems are on forcing the
motion on these waters. In the Torrey Canyon spill off the west coast

of England large scale winds were the co::trolling factor. The Argo
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Merchant spill was largely controlled by oceanic processes and strong
tidal currents were important only in the immediate vicinity of
the wreck (Murray, 1982). A year ago, the Exxon Valdez supertanker
ran  aground on Bligh Reef in Alaska’s Prince William Sound and 11
million gallons of crude oil pushed by tides and wind slapped against

the base of the Alaska Peninsula, 650 km away (Hodgson,1990).

5.2 Distribution of Beach T ’, /
Most tar ; derlved from o0ily wastes

discharged and the re 1 and deposited on the

11.

sea bottom or are rrents to carry tar

i‘ct wayes, and
balls to wash asho 7 Area, other sources of
o0il pollution suc [ineries, offshore oil
drilling are not pres kce ’;=f“ s from the breaking activities.

Hence,fresh tar deposifs ',~13;'"" i s%source. The findings also

The amount pf Ao vary with the peried

T LY
of  breaking ac ol ‘ found during the

ovember 1989, At the

first permd ﬁiqwfﬁql zjmtﬂaﬁr the operation,

most of aged qr Was was ore, while in the Eecond and the third

peried ﬂ“ﬁ ﬁﬂ’?m‘ﬁ’ﬂ ‘1’3“71‘21"1‘& preconinated
aﬁq fre

Quantities o tar collected at station N, after the activity had

ship-breaking operation periods in June and

already been operated for 5 months were still predominant much more
than those at the other stations but was lower when compared to those

during the past operating periods.

However, during the preliminary s;rver in September 1988, 1
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month before the first period of the water sampling, heavy fresh and
sand coated tar was also found to wash ashore. The concentrations
found in gram/metre were 41,99 (ST.N1), 19.64 (ST.N2), 16.99 (ST.N3),
165.78 (ST.N), 56.19 (ST.N6) and 6.51 (ST.N7). Again, the heaviest
deposition was found at the scraping site when compared to other
stations in the same period. Since the tar was fresh it seems to point

out to breaking activities to_be M€ jresponsible source for this heavy

S

activities were carried

Another re }_’E ship saking activities is the
source of pollutio 0 Ifa.m this ‘areay, is that, if the tar
came from offshore, | tations located at a 1
km. interval should e levels as found by
Petpiroon et al., (1 J-However: s was not found during our

surveys of tar balls in

= X ‘ .

Wave acti‘ﬁl e some effects on

the distribution -Elatterns of beach tar arﬂand the ship-breaking
factories. 1 .ﬁeﬂf?mﬂns{w&l vy deposition of
tar ball wasﬂu east area o 8 I]i g site. This
: ¢ Q/
AT IV TI N T

found in dune.

The beach tar contamination found around ship-breaking area in
this study is probably minimal when compared with tar levels at other
polluted areas of the world such as the Middle East region. However,

the extent of contamination is about the'same level as found during
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north-east monsoon in the Andaman Sea coast of Thailand, as reported
by Limpasaichol (1984). Heavy deposition was recorded during the
South-West monsocon period between June and July, 1979 . Whilst during
April 1980 in the north-east monsocon period, a very small amount of
tar was recorded to be less than 5 g/m maximum of which sand coated

and aged tar predominated along the coast. Coles and Gunay (1989)

studied the abundance of be&cra‘i‘ --:audi Arabian Gulf beaches. and

““.ﬂﬂ kg/m on Kuwait beach |,

while Bahrain, Bermuds Oman were cher areas to have tar

balls exceeded 0.5 k 4. al.(1982) reported the amount of
tar ball at Omani
transportation route

average of 224 g/m.

5.3 Distribution of

courser than thoBé ean Affairs board,

courser sediment such asﬂland and gravel allows

greater penetrﬂiu ﬂ‘ ?ﬂﬂﬂﬁwmm finer sediments.

The highest cq“centratian 0il can generally associated with silt
¢ Q/

et P AT AT R

ﬁ- adsorption
of o0il. Qourser sediments although allowing greater oil penetration

(1975) reported that

also have high biodegradation rates relative to fine sediments,
possibly because of greater aeration and nutrient flow to subsurface.
Therefore, in this study the higher percentage of organic contents as

well as hydrocarbon content, in offshore finer sediment were found.
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For the analysis of aliphatic hydrocarbons from the sediments

collected in this area the normal alkanes from C to C were found.
15 K3

The chromatograms of those aliphatic hydrocarbons showed clear peaks

dominant at retention timesof C , C , C . These indicated the
17 19 21

class of biogenic hydrocarbons typically found in the  marine

f 1; Risebrough et al., 1983;

. E?J Therefore, carbons

numbered found in the  marine
11 19 ..-—"‘" Q

environment.

phytoplankton (Anderson et

Readman et al., 1986;

In this studygffogngl folkanes RiLh 19 and 21 carbon atoms

where C was found in
23

are dominant in all

addition to € , “additional source from

bacteria (Figures 4-12 d,e, W
;‘

Besides big "_‘ :'T of petroleum from

petﬁleu wa@fuund in this area.

Chromatograms of hydrogarbons from pefroleum contamination were found

to be differenﬂfuﬂaq c:wbganﬁ w ﬂqcﬂhﬁs The homologous

series of n-alkanea superimposed on Unresglyed ComplexMixtures (UCM)

were ohﬂrﬁ@ﬂﬂ ﬂﬁmumﬂlm &l:ala %.I odd-carbon

homologous and weight of even-carbon homologous (refer to Carbon

anthropogenic

Preference Index (CPI)) were nearly one. Those features indicate large
numbers of components, typically of petroleum (Johnes et al., 1983;

Risebrough et al., 1983; Readman et al., 1986; Voundrias et al., 1986)
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which were obviously stated in samples collected at the station
nearest to ship-breaking plants and at the nearest klong to the
factories. This means that this area was clearly contaminated by

n-alkane derived from petroleum (Figures 4-12 b and c).

The nearshore areas were contaminated by both petroleum and
biosynthesis hydrocarbons. Therefore, their predominance of both

sources were reflected in the ck

. \\ r‘m.
offs&omatagraﬂs showed the
| —

¢ e
\ UCM. It appears to be

¥ have been removed by

The features

predominance of C of normal alkane elud-

17

ing after C as well
21

a partially degrad
microorganisms (Petraki ; this area was also
found to contain big as indicated in the

chromatograms in Figures#

Sources of'%hj ons in t} h afea were shown to be

.r‘i"‘ the natural source.

Sediments deposited marest to the scraping arﬂ are able to expose to
leaked oil fr ‘ﬁ au its anthrtopogenic
charmteristiﬂrﬁﬂo ﬁﬂﬂiﬁﬁﬂjmnie than biogenic
characteri st eaﬁﬁjgﬁ ,‘Tg gll AT to  the
ship-brﬂﬁ:lﬁs were f undit.[m 182 ﬂﬁina@gﬂth oil from

anthropogenic source. This indicates that this over all area also

encounter the problem of oil contamination.

For offshore area; where oil accumulated over a long period
of time, some normal alkane are found to be degraded. The input of oil

to an offshore area is from the transportation process of oil adsorbed



159

on fine particles from nearshore to offshore. Fine sediment adsorbed
by petroleum were carried to offshore while sand or coarser sediment
deposited nearshore. This is corresponding with the results discussed
earlier that sand and silt sediments were found in offshore and sand
sediment in the inner and outer areas. The higher concentrations of
oil for offshore sediments than nearshore are caused by the type of

sediments. The highest concentr g3 of oil can generally associated

with silt and clay sedimefte possib pétanse these sediments have a
wonably consistent with
those reported elsewhe (198 ,‘F‘ ted the higher hydrocarbon

concentrations from iarine waters, containing

finer particles, \\r\g adsorptive capacity

owing to  their area. The lower

'\
. -
concentrations were als Oarser =.1menta.
5

Pristane has bee adiments, it was most likely

a degradation product oned in chapter 2). A

i

Phytane has been fquB irn

predominance of ;; x biv {IOC;’UHESGU, 1989).
efice ia pristane and phytane
in sediments suggest;q&h a bioche nl origin for pristane

contamination ﬂ %%} % wdﬂcm %qﬂﬂrgold pristane and

phytane are m ker compounds for enviro ental nonitqﬁﬁng. In this
stuts, e e 4 Tl YRR N Rblictet i
phytane cuuld be considered as both of ©biological production and
fossil fuel contamination. Isoprenoid pristane concentrations
extracted from many nearshore and some offshore sediments were higher
than those of phytane indicated the predominant signals of biogenic

input. However ratio of isoprenoid pristﬁne to phytane are wuseful
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indicator of biodegradation in moderately weathered oil
(Siron.al.,1987). Pristane can easily degraded than phytane, the ratio
of pristane to phytane is lower than one determined biodegradation
which is corresponding to the ratios from sediment collected from

stations N7, N8 05 (October) and 06 (June).

The existence and sources of polyeyclic aromatic hydrocarbons

(PAHs) in the environment i

/ terest for several reasons.

One of the most im t several PAHs such as

benzo(a)anthracene, dibenz(a,h)anthracene

and benzo(ghi)pery o0 human being and may
be accumulating ine#he 1y Jnmen; Llermore, many PAHs are not
thought to be prodificeg ofernttivally ar enitically, so their

presence in environg on from natural events,

z:r_j \ |
such as forest firesfhis h-@y re ;\~ Bustion sources) and oil
seeps, and variety of /& _‘f_f ozeni r such as motor oils from

e

w '-f'—_
automobile exhaust, indusfrial pollutionmy and oil spills. Petroleum

e ey

and lnw-tempera ‘ T e e E primarily highly
‘l r

PAHs (Phillips, et ﬁ. . plﬁure combustion sources

results in many qnnalk:rl PAHs erton and Laseter, 1980).

B it ﬁ%ﬂﬂ@k%%}%‘ﬁr%ﬂ abfe] Tparocarbons. vit

the possible ﬂxceptim‘l of certain bacteria, there gare no marine
orga.an waq aba ﬂi meumq;} w Elaaba He aromatic
hydrocarbons. Therefore, most the aromatic hydrocarbons in the Map Ta
Phut sediments around ship-breaking industry area are anthopogenic
input. However, in this study area around ship-breaking factories,
other sources of o0il pollution such as tankers, o0il vessels,

refineries, offshore oil drilling are not p'resant. The PAHs found in
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this area was likely to come from the leaked oil from scraping process
and high-temperature combustion, such as motor oils from fisherman
boats. The fisherman villages were located at Ban Phala, 7 kns

westwards of the scraping site.

The statistie calculations revealed that aliphatic

hydrocarbon concentrations in sediments collected in two periods
tended to increase but int ly different. For aromatic
hydrocarbon concentr - F and GC technique, the

significantly incr : T be postulated that

increasing of both arbon in sediments may

come from contami ship-breaking processes.

However, aliphatic . be rapidly degraded by

hydrocarbon-degradir ack on branched-chain

alkane, cycloalkanes (Pelezar and Reid, 1965

cited by Lee,1980). appens in nature. Studies on

growth of petroleum-degeas isolated from sediments or

=

water (Jobson,etroiridie—aitotd—trlte—tls ? showed typical log

St 53—

growth curves. Gr?ﬂ} o S ii&repurted in Irish BSea

water to be 82 ugflfﬁgf (30 ugfqui,{ﬂihbs.et al., 1975 cited by

Lee, 1980) quﬂ’mﬁmw 1N
e R R IE R

0il and oil products contain polycyclic aromatic hydrocarbons which,
if excited with UV 1light and emit fluorescence light with a
characteristic spectral energy distribution. In addition

sediment may contain substances with f}uurescence characteristics



162

similar to or identical with those of oil residues. Therefore, the
results may represent both of oil and those compounds. Farrington
et al.,(1986) found the fluorescence of what appeared to be an oil
residue attributed by metabolic product of a marine polychaete.
Comparison to GC, the analysis of extracted sediment for single

compound identifications seems to be different.

Comparison of indiv '~=rdr¢carbon concentrations

from sediments collectbes A _Eﬁﬁ;g;: (Table 5-1), it can be
concluded that the copg he same level to similar area
such as Baltic. Mean gwWwer concentration when
compared to high indufity » in England and higher

than that of remote apés

07
|

AUt INENIneIng
RN TUNMINGAE
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Table 5-1 Concentrations of PAH in sediments and soils from around

the world.
Area Phen. Fluor. Pry. {a) (b)
1 Charles River 5000 15000 13000 21000 33000
2 Maine Soil 70 120 100 140 250
3 Gulf of Maine 43 120 100 80 200
4 Buzzards Bay 1 53 130 120 160 240
5 Buzzads Bay 2 42 130 120 200 380
6 Buzzads Bay 3 8 11 7 12 25
7 New York Bright T4 1300 890 1700
B Abyesal Plain ‘ 4 13 34
9 South Carolina Soil 22 13
10 Nebraska 1 31 N.A.
11 Nebraska 2 17 37
12 Mono Lake 1 29 N.A.
13 Mono Lake 2 93 57
14 Mono Seil 26 10
15 Yosemite Soil 2 1
16 Nevada Soil D. N.D. N.D.
17 Alaska K-30 23 11
18 Alaska H-24 1 0.6
19 Walvis Bay 5 10 25
20 Cariaco Trench ] 13 1700
21 Flood plain Amazon 2 6 6
22 Station 7 Amazon RiWe «D. N.D. N.D.
23 Coari River Amazon Ri 4 4 520
24 Rio Ica Amazon River J 3 13 500
25 Obidos 16 Amazon River . # 6 16 510
26 South Baltic Sea 0 - -
3 £ *1 *2
27 Usk River,U.K. “,f;— 2500 11000
i i J 3* *4
In this study (max.) 24.6 21.6
f o — |

e U ANENINEN T
ND. = not dateu’P
All concentrations are in ng/g¢(part per hjllion), dryweight basis.

SRR IR AR TING 1R =

(b) = components includes benzofluorenes, benzo(a)pyrene and perylene
*1

n

Chrysene only

*2
= Benzo(a)pyrene only
*3
= Chrysene only
*4

Perylene only

-

Source : Laflamme and Hites (1978), Law and Andrulewiez (1983),
Kayal (1989).
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Distribution of Petroleum Hydrocarbons in Sediment Core Sample

Study of the accumulation of petroleum hydrocarbons in the
sediment core sample indicates higher petroleum concentration at
higher depth. Since no dredging activity has been observed to disturb
the accumulation and deposition of sediment in this area, it can be

concluded that the deeper sediment h existed at a longer period of

time, hence older, than s of the core, Therefore,

the data suggest that ents study area have been

ite|so "NThe evidence of less

\\ ould be explained to
SRR

contaminated by oi
contaminated oil
occur as results implemented by the
ship-breaking plant mpared to the past. In
ment authorities such
as the Harbor Departm . r pf tl \ tional Environment Board
and the Fishery Department /i e _ s seem to effectively reduce
the extent of oil leaked int .L ent. However, to be able to
clearly explain ;?m “ﬁ-*ﬁ da contamination of
petroleum in the ar and &e age of sediments at

various depth ahould'f ther be st.u

ﬂ‘lJEl’JﬂEWIﬁWEI']ﬂ‘i
QW’mﬂﬂ‘im UAIINYAY
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5.4 Petroleum hydrocarbons in bivalve Donax sp. tissue.

The wide geographical distribution of bivalve in addition to
its ability to accumulate hydrocarbons in the gut and hepatopancreas
from suspended particles and those dissolved in sea water. Therefore,

bivalve can be an indicator of pollution from petroleum hydrocarbons.

Results in this study showed ezence of hydrocarbons in  beach

calms Donax sp. from boih Study rlods’ 13 study is considered to

oily smell from thesg#beafhf gylinsdsome Li after oil spilled from
the ship-breaking fagforded. /This was n¢ erved, however, during

FR: s) found in the Donax

sp. were acenaphthene, benzothiophene, phenanthrene,

anthracene, 1-methylph @ranthene, pyrene and

benzo(a)pyrene. PAHs fnund = a number of sources., Alkyl

PAHs, eg. l-met : bundant in petroleum,
W

whereas unsubstitited Zelaislife stion and pyrolysis

processes.

s UHRANYNTHYIA T

collected from t.he vicinity of &nown fossjl fuel dischapges, spillage
backsroul VHOLINON [conbairls b |cantdy bbb | Ghéehtration of
hrdracarh:n than those from clean area. Hydrocarbon, however, may be
accumulated rapidly. Lee et al.(1972) observed that 10-15 mg of
mineral o0il was taken up by mussel in two days. However, when
transferred to clean water, bivalve depurate hydrocarbons and

maintained at concentrations higher than héékground (Clark and Finly,
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1975). The levels of petroleum hydrocarbons in the bivalve tissue can

be considered as the baseline data for the area.

¢
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

1. The trends amination in water samples

collected in scraping.g ember,1989 are similar ,

that 1is, the conce( ' \\ her than those in the
first and the last \\'\

etivity in October 1988

and May 1990.

2. Highec ydrocarbon were found

at Klong C which is ip - breaking industries.
Klong C5, an artific _ ; he" treated and/or untreated
effluent from various fac 7 n_the Map Ta Phut industrial

estate, also con ;ﬁ“mmw—T}‘ oleum hydrocarbon.
3. Petrol
the surface ﬁﬁ?ﬂ ﬂ mﬂ’] ﬂ re much higher in
scraping perﬂl ber, 1 in Dctuher 1987 and
May 193&
W1 &Nﬂ‘im UR1IINYIAY

. Currents and wind have significant influence on the

hydrocarbons concentrat “J s found are higher in

movement of petroleum hydrocarbons from ship-breaking factories.

5. Heavy deposition of beach tar appeared during the

ship-breaking operation perieds in June a;nd November 1989,
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6. Wind and current affect the distribution patterns of

escaping oil and floating tars from ship-breaking factories.

7. Lower amount of beach tar was found compared to those

reported for polluted areas of the world.

8. Concentration of aromatic hydrocarbons in sediments

¥ Area dominant at C , C and
17 19

9- N"ﬂlkﬂn B«_

d

C  including prese fhomoTogeus \ les of odd and even numbered
2 N2 7\N
alkanes superimpos ICM ’v-ﬁ‘ ate 3;->-nic hydrocarbons  and
petroleum contaminati a \\\ |
> ‘

10. ns in sediment samples ranged

:,,.- of 0.33 awg/g in

0.69 wmg/g dry wei“ U

found in Miﬂg ﬁﬁjwﬁﬁwywuﬁlene, Binaphthyl,

2,6-Dimethyln ene, Acenaphthylene,Acenaphthene,l-Methylfluorene,

-Florgngi | EQNDIERY | ey ) e, 1

Methylphénanthrene, Fluoranthene, Pyrene, 11H-benzo(b)fluorene,

from 0.06-0.87 |

October and ranged Wwith the average of

in June. The identified

aromatic  hydrocarbons

1,1-Binaphthyl(spike), Benzo(a)anthracene, Chrysene, Benzo(e)pyrene

and Perylene.

11. PAHs found in bivalve Donax sp. were acenaphthene,
acenaphthylene, dibenzothiophene, phenantﬂ}ene, anthracene, 1-methyl

phenanthrene, fluoranthene, pyrene and benzo(a)pyrene.



169

6.2 Recommendations

1. Bioassay on negative biological impacts of petroleum

hydrocarbons on aquatic organisms should be studied.

2. Water quality nnni: aring program and mitigation plan to

control pollution from e long C and C5 should also be

carried out.

3. Sedimentatiom and age e ment core sample should

be carried out to_sfc redicete ‘of. petroleum hydrocarbon

should be carried out to

N tars in this area.

ch tar depositions should be

5. 0il mntanma

monitored by the  gbvernment officers in ordek £o) force the operators

to follow the co V : - #E.? ties as mentioned in

1 )

AUSARYNINIIDT. o et

pattern of pollutants, as showd in this study, should @also be carried

out furﬂtﬂﬂaﬁﬁﬂiﬁuuiﬂﬂﬁm nﬁaﬂta; areas.

Appendix D.
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