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CHAPTER III

MATERIALS AND METHODS

3.1 Study Area and Location

Samples had beeng

‘ ;. Map Ta Phut sea coast, Map
) tng Provinve. The coastal

extends from Ban"™™a _iv d to Ban Pha-la, 5knm.
. \\‘\ \:“* o o
de of 12 37 N to 12 40°

\"\““*.
i

namely Thai Interflatifnall Spes . 'and Thai Hua Lee Co.Ltd.

Ta Phut Sub-—distric'

westwards of Tanh. Mah JE u
N and longitude 10 ship-breaking-factories
locate in this stddy @ir £ rr ’ \ ). Other build ups .in this
area are the Map T: 2"and the Map Ta Phut Deep
Sea Port. The location .F":‘ AR € stations and two ship-breaking

industries are sk

Y}

-‘ft‘ in this study is shown
4 J.I-l

in Table 3-1. The frequency of sauplmg was designed in accordance

“ﬂ Eﬁwﬂﬂﬁ‘w 1N
maﬁ“‘zﬁmﬁmmmé‘ﬁ;::“::

ccllected.

Yy
The schedude

2. June - July 1989, a scraping period, the bulk 32,800 tons
of Zarra tanker bought from Ajman was scraped. During the last week of

June, an o0il leaked from the scraping .site was announced by the



62

e S = 2
w ¢
.... H
— w h
/ s i
L ® B
ol ",
[} t EEm -
= = = m
i \ LZE=E
J H S
( | £:
g E= _
1 “.. L.m?.m
.\_.x. i .nNh
P i £ -&
L | LTTF
o L

arannd Lhe shiy

, N4, NG, NG, NIl, NIZ, WX,

A NI, NZ, NI14, NIG6, NIG (easiwar

S ANea e

rida of Lhe saraping Maclories).

12, 03, 04, 05, and slation DG,
2, €3, C4, C5 and CA

Fignre

g
H.m
me . iEE
= = s
i e
= LSELBE
} = Z£=§85
_..__ - Yol Munmmm
mnﬁlo g 228288
b .r] ﬂ i 1]
> Vod i £
- = G i:z f
¥E N\ m riE ¢
£% ) Fif 5%
. B2 X o4 522 =3
q. 2 x
”........A




63
manager of TIS. Sampling at that time was not finished due to
intense rain storm and water turbulence., After the second sampling
attempt in the second week of July, the samples collected were
completed. Seawater, sediment, beach tar and bivalve Donax spp.

samples were  collected. Twenty-five consecutive sampling hours were

conducted on 21-22 June 194 b figrant measurement.

3. N , 000 tons of BONI tanker

bought from West r samples and beach tars

were collected. Currg

4. May 199§ observed after the last

BONI operation. Watg ' tars were collected.

\\ \\ this study.

\

Table 3-1 Schedule

DURATION SAMPLIN REMARKS

October 1988 hvalor Samples = USILEs ebraping /for 4 months
‘hfﬂ ‘“‘ilng of the last vessel
Soufli West monscon of rainy
season “May-October)

-alvemsp

”ﬁ ﬁﬂﬁ%@%‘ﬁwﬁf’ﬂﬁﬁ‘lﬁiﬁ“

- B1valve spp.

Havemhe 1989 - Water samples - scraping peried (Boni Tanker
- Beach tars from West Germany)
- Current measurement - in North East monsoon of dry

(24-25 November,1989) season {Nov-Feb)

1

May 1990 Water samples - 5 months after the Boni Tanker
Beach tars scraping
- in South West monsoon
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For the study of the dissolved/dispersed petroleum
hydrocarbons around the ship-breaking area, the sampling stations were

devided into four groups.

Zroup of stations covered an area

B :tories on shore. The stations
| é@ia, N17, N18 and N19.
-;' stations s sund the factories were
‘ i‘“ﬂu

\:- ng factories).
t@ﬂﬁ\

about 6-7 kms. fronm f: -, fie' o ..,i tudy area, namely 01, 02,

\

1. Inner region

within 2 knms. distannerf'
included are N, N3, |

2. OQuter
assigned in this 5, N16 (eastwards) and

N7,N8, N9, N10 an

3. Offshore ded 6 stations located at

03, 04, 05, and statiop

4. Canal : Theré-a "?}'” g dpaining to the coastal

water. A sanpliﬁf;;_- Eﬂﬁ“k. The stations were

c1,- c2, c3, c4, qﬁgand . =1d ojl-rVations. the details

characteristic of ea€hecanals are agsfollows:-

ﬂ'lJEl’JVIEWIﬁWEI’]ﬂ‘i

4, and C6 are stat:nns for natural small

mmfm*ra AMIRAAN TR G s e

is a station for natural small canal. During the first
two sampling in October 1988 and June 1989, the canal was not
contaminated by human activities. However, during the last two
sampling periods (November 1989 and May 1990), the Map Ta Phut

Industrial Estate started to operate “and artificial canal was
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constructed to drain the treated effluent from factories. Therefore,

station C5 was later set up in this artificial canal.

3.2 BSampling Methods

on characteristics of
petroleum hydrocagiong s 4 | sdmples “were collected. Research
vessels provided b ‘Mering Pishieries Development Center,
De;':artment of Fisheffie " dug 1 sample collection. Two

different collection m as follows:-

3.2.14

This technigue is

recommended by l-, _--‘-14 dissolved/dispersed

1

petroleum hydrocaBons JOPHY seawater (10c, 1984). Sampling was
done by usi 1 @mber glass chédcal re e ottle suspended by a
nylon rope ]ﬁ uﬂglﬁ Hnﬁﬂu j]id by a lead bottom.
The set u aratus m m[he vessel and
mnedi%ew;l ﬂi Mﬁﬁiﬁﬁi ace where it

was filled up. A small buoy, attached to the cage on a1 - m long:
line, prevented it from sinking and assured that collected water was
drawn exactly 1 m below the surface. After filling, 200 ml aliquot was

removed from each sample bottle and 50 ml of redistilled hexane
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was added. The samples were shaken for five minutes on site, and kept

in a dark and cool place for laboratory analysis.

3.2.1.2 Triangular Screen Technique : An’ analysis of

petroleum hydrocarbons at surface microlayer was carried out in this

study. As we know, the surk ayer of coastal water serves as
an important habitat'sfo v kidae of iprine organisms, eggs and
larvae of many conme ] impoetant fish and shellfish. The
hydrohpobic nature of { oot | atter usually associate

\\\\\

of petroleum hydgdtaghafidl 3L e icrolayer, however can

ayer. The concentrations
determine the degraf ¢ ' }5?. fage -~» nlayer pollution.

surface microlayer samples
were collected and hﬂﬂdlf#?'i-?“wj gd by I0C Procedure forsampling

Guides No. 15). A

=

the sea-surface-microlayer [(10C, Manuals dnd
Mf, Wil . i
X |

l6-wires per iﬁﬂ{ 5 Lr less steel which was

1I ! .I;IJ
connected by a 1i es through a brldles of a hree-po1nt attachment to

the corner ﬂ lu ﬂ(} wﬁ m% ﬂq ﬁr‘%n was horizontally

lowered to %bntact the sea surface uicrolayer The seawater was
QA GO IV 1 v
bottle. 9

This procedure was repeated 30 times for each
sampling. Then 50 ml of redistilled hexane was added. Each sample
bottle was shaken for five minutes on site and stored in a dark and

cool place for laboratory analysis. .
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This triangular screen technique was used for

all sampling stations except the nearshore stations (N1, N2, N3, N,
Nﬁ,_ N7, and N8). This technique is mostly appropriate for sampling
from vessels. Therefore, the nearshore water samples were collected

only by drop-bottle technique e screen technique was carried out

for all stations except s »HE, N, N6, N7, and NB.
I_ --' : J

abel Sdlples, the 4-1 amber glass

bottle was filled, ing water during a low

tide period. Aftg f creek water, 50 ml of

redistilled hexan fje * . -;*\ ittle was shaken for five

mpare the concentrations of

petroleum hydrocarbons ohs surface and at 1-m depth, an

enrichment factor, (CE ichment facter is a ratio

,fif factor indicates the

of the surface

trend of pullutiﬁ intensTe ch=1 e stiudy area. The CF value

shows a trend of oilfpallution.

ﬂ'LlEl’JVIEWIﬁWEI']ﬂ‘i

QUs.2.2 Sedxlenﬁ?

ARIANN U BAINHIAL e « v

Veen grab and immediately placed in a wide mouth glass jars with
Teflon lines caps. The samples were kept in an ice box until returned

to the laboratory. They were then frozen and stored until analysis.
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In June 1589, a core sample was also taken

at Station C in order to understand the accumulation characteristics
of petroleum hydrocarbons in sediment by depth. The sample was
collected by a 50-cm plastic core sampler. Each subsample of 10-cm
length was separated and pla ark in cleaned glass jars for further

analysis,

3.2.3"9

scted along the shoreline.
The samples wer [Tozen until analysis in
laboratory. Concef 8 f(pe ik W¥d®carbons observed in the

bivalve indicate t living organisms.

3.2.4

hag. tar ball represent

another form o ;r iy therefore beach tars
were collected duripg low tide , statidns along the coast (Ban
Pha-la, Ban Payoon, ®anm, Nam Tok, BamsNong Faeb (factory location), Ban

Kong Pet, %uﬂ%mﬂmTﬁmﬂg Qc‘i station, tar balls

presented in a three randonfly chosen marrow strips@'f 3 meter width

o LA A TATREL "

backshore to the low-tide mark. Visible solid and semi-solid pieces of
tar were picked up by small forceps and then transferred into a

precleaned bottle. The beach width was also recorded.
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3.3 Analytical Procedures

In order to minimize the possibility of contamination, only
purest solvents available were used for the analysis (redistilled by

a 2 meter long distillation tower). All glassware was pre-washed with

th tap water, distilled water

11y Alassw&re excepted volumetric

l*ncl4 and wrapped with elean

and acetone respecti
flask, were then ._ }
aluminum foil beforg gecontainer. Prior to use,
the glassware was g i@nt specially prepared for

the analysis.

roleum hydrocarbons in water

samples was conducted us

(UVF). 7 ' Y]

In 'ﬂ' alore At Bﬂm'::ﬁ were extracted three

Fluorescence spectrometry

times with hexane. #fter concentrated to 5 ml by rnta.ry evaporator,

extracts “ﬂ u&g m ﬂn ilw EJ:IQ ‘ir (Perkin - Elmer,

Model 3000 Fluorescence Spedﬁromet&r Eith l-cm quatfz cells). The

AR SASUIRIING IR

8lid width 10 nm.

. Excitation wavelength 310 nm
Emission wavelength 360 nm (This wavelength was obtained -
by exciting the chrysene an%vent at 310 nm and recording

its maximum emission wavelength)
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For the UVF analysis samples were dissolved in hexane,

therefore, blank of hexane solvent had to be reported periodically
during the concentration measurements. Concentrations of a series of

chrysene standard were also determined, and the calibration curves

af chrysene standard.

aolvedmlspersed petroleum
\\\\ ted by the formula:

d from calibration curve
\ inal volume of extract

were then established for es

0 ater sample

ng. Further informaticns

1ission scanning as well as

. on the sample type we .,.'."_
synchronous scanning spe ;—wj

samples when a;k, e of other compounds

-

The emission scans of

ext.racted from iL' of extracted samples

- .l
show the numbers of a.ramatic hsﬂmcarhons cofitained in the samples.

For emission La m muﬁrwmﬂnﬁld constant at 310
nm with thﬂlﬂs on wave eng s sca.nned from 250 to 500 " nm. For
s:mchrqqlqua q mﬁﬁ deJeV'rEl;f]kﬂeBengths were

scanned gsimultaneously (excitation wavelength 230-550 nm, emission
wavelength 253-573 nm). A summary of the analytical procedure is

shown in Figure 3-2.



. SAMPLING
(Special device)

{==--- n-Hexane 50 ml

EXTRACTION
(Shaking for 5 min)

SEPARATION

7"

mmmme

Field

i

LAB
(Pipette Method)
{==== 1
Extraction
repeated 3 tig
'y ., # ’
SEPARATION - -. ’ N
(Pipette Method) ' N Hoxane X 200 ml
o \\
o "4'_.-_-:.1‘-"
= REMOVE WATER
AW IA ,
" {~----Na S0,
L
€ E&TRacT QT:?IT TION
ﬂu&l’a‘nﬂ I@w poda :.5, 35° C)
Y ¢ A —w—
AWIANNIUA s LD
q
FLUORESCENCE MEASUREMENT
. (excitation 310 nm.)

(emission 360 nm. )
Em.scﬁp, Ex.scan

FIGURE_3-2 PROCEDURE FoR PETROLEUM HYDROCARBONS ANALYSIS IN WATER SAMPLES,
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3.3.2 BSediment Samples

The determination of petroleum hydrocarbons in sediment
samples were carried out by this stepwise procedure (adapted from

I0C/UNESCO,1982):~

thawed, placed Steel trays and then

freeze-dried in a for about 48 hours. The

freeze-fried sedi 2ed with a mortar and

pestle and transf pped jars before storing

and kept in a freeze; ment samples of 130 to 150

g dry weight were spi 1 octadecane and 1,1-binaphthyl
as  internal standards -shd - the st-extracted with 300 ml

dicholoromethane ﬁff -t T h&f- were reduced to
approximately 3 u!ﬂbr ot 1o ancﬂ ransferred to a 15 ml
centrifuge tube and gvaporated gentdy under a nitrogen stream to 1 ml.

ﬂummmwmm

An intefnal standapd is acompouhd added to the
smgle%ﬁdq- aq:nes m umr]fg uu’] arﬂgh the steps
of nnalytical procedure. It behaves in an identical manner to the
compounds to be identified. In this study, 2-methyl octadecane and
1,1-binaphthyl are used.na internal standards. 2-methyl octadecane
will elude with the saturated hydrocarbons and 1,1-binaphthyl will

elude in aromatic fraction process.
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3.3.2.2 Adsorption Chromatography

An adsorption chromategraphy analysis was
conducted to remove interfering lipids and to fractionate hydrocarbon
extracts into aliphatic and aromatic fractions. Silica-gel (100 - 200

mesh) was soxhlet-extracted w exane for 24 hours, then allovwed to

air dry. The pre-extracte : ilices as activated by heating at

o S o
220 C for 16 hours HEPeore-ii: opper was prepared by
mixing with conc.=

oxide. After thath i S With d¥stilled water following by

acetone and hexane  an ept hexanes"8olution.

fternal diameter x 30 cm
length) with pre-extr glass ool pliged at the narrow bottom was
ited silica-gel was slurred

with 50 ml hexane, tran column and the solvent was

alloved to draig __ height of 17.5 cm.

AY )

Activated copper :ih . 1?‘ applied on top of the

43

W
column to remove & eulfur presented in the samples. The column was

washed with ﬂuupyt?ﬂ»ﬂnw ﬁlwnmpﬂﬁ of about 2 ml per

minute,

AR NI NI s

the eelunn with a pasture pipette and eluded with 15 ml hexane and
followed by 35 ml 40/60 (V/V) dichloromethane/hexane. Two fractions
were collected, one for each was an eluding solvent. The first 5 ml of

the hexane fraction was discarded (Sunwanich, 1991). Before analyzed
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by gas-liquid chromatography, the volume of both fractions were
reduced further to 0.2 ml by blowing 2 gentle nitrogen stream over the
surface of the solution. The first and the second fractions are

aliphatic and aromatic hydrocarbon fractions, respectively.

3.3.2.3 of Petroleum Hydrocarbons in

Sediment by Using UVF Tes : ‘

i samples from fraction 2

=
%\‘k\\}\ by using fluorescence
spectroscopy at exci - \\‘\‘\ elengths of 310 and 360,

: '
were determined the .-]/.

respectively. Theé teghnfufe,edil yis Bhe same as 3.3.1 for water
samples,
3.3.2.4 Petgrminatio i "Petroleum Hydrocarbons in
Sediment by Using Gas -_I";, 2 #, ith Flame Ionization Detector
wdi  The ining mostly aliphatic
I prit
hydrocarbons and l dichloromeths exane fpaction containing mostly

aromatics, were mﬁﬁ b s Qdquid omatography, Varian 3700
GC, capillarejlcul w’ltﬁ ﬂaﬁ iﬂﬂhﬁeﬁor (FID). Residual
solven emove ﬁ ﬁl actions were
dissnladﬁj.ﬁﬂﬁ? ﬂﬁjiﬂﬁj . eak areas for

each chromatogram were computed by CI4100 computing integrator
according to their respective retention times and reported by an IBEM

PC/AT turbo computer. The Milton Roy integrator was used.
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The conditions of the GC were as follows:-

fused
silica capillary column
o
Injector temperature : 240 C
o
Detector temperature : 280 C
o o
Temperature program : from 70 to 280 C at
n. .
8 C/min

hydrogen gas approximately
20 psi

3ﬂﬂ ml/min

— ) ml/min

0 ml/min

ol -2 ul

N\;-litleas injection

slxvn, individual aliphatic
hydrocarbons  and Sop \ identified by comparing

nd was calculated using the

with Kovats Index o ic hydrocarbon compounds.
The Kovates Index (KI

equation below : 979)

KI = i 50
It r!l
T -7 :
£(Cz+1) R(Cz
where KI is Hts;tl 11.'3&1?] is the retentmn time of the
R substance)s,
s,,hst@ ol A Fled- Gl dd It -d d1 2L ﬁﬂm :

R{Cz)
and T are retention times for the n-alkane standards which

R(Cz+1)
bracket the substance of interest, and z is the number of carbon atoms
in the n-alkan standard that eluded prior to the substances of
interest. Since authentic standard of pghytane are unavailable, the
identification is base on phytane in the samples. The compound
identification have been done by comparing the Kovate indices of

samples to those of the standards.
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The Aromatic Retention Indices (ARI) (Lee and

Vassilaros, 1979) of a number of standards PAHs have been established
using the same approach. Seven nenbiogenic aromatic hvdrocarbons of

naphthalenes, biphenyls, phenanthrenes, pyrenes, chrysenes, perylenes

glominating aromatics in samples
i Eelected and the ARI of those
PAHs are assigned™® 5605 300, 400, 500 and 600,

gty

respectively. " ibics that eluded between

\\_

**carhcns. The compound

those seven subs calculated the same way
as the EKovate In

identification hav .7 '. the ARI of samples to

identified compounds were
5 lluws:-
R

ide-; fied compound

peak aredfhg of xnternal standard

ng cﬂlpoundﬂw supled
Q) BRI T HEAG Eromie 0

efficléic} of the analytical method using 2-methyloctadecane for

aliphatic fraction and 1,1-binaphthyl for aromatic fraction. By
spiking known amount of the standards into the sediment samples and
let them go through the analytical procedures, the concentrations of

the standard were calculated. Percentage recovery can be calculated
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using the formula:

Area / ng of internal std x ul of final volume

ul of injection volume
% recovery = x 100

Area / ng of external standard

3.3.2.5 Dekelmin: >’éem Hydrocarbons by using

Gas Chromatography /iia

tracts were analyzed by

Gas Chromatography technique in order to

confirm the indenj rff 16 : '-.‘ as well as arumatic

compounds. The GC/Mj sformed at the Faculty of

Agriculture, Kagawa Uglivesitiv: 4 $th the help of Dr. Takeshi

Katavama and Dr. _-..:.,. T Wath The conditions are as

follows: L, E——____V."
\7% -'"\L‘

GC-MS | DX300 mass spectrometer
" eqmpped with a JEOL MS-GCGO6
gas chgomatograph.

gea1s] 39 BT NE Ty =

Ionizdng current : 300 uA
Mass range :  85-500

TWTHIN I HIINYIA Y




78
3.3.2,6 Oxidizable Organic Carbon Content - in Sediment

Samples

Organic carbon content in the sediment was analyzed by
using Walklay-Black wet oxidation methoed (Jackson,1960). Potassium

dichromate and sulfuric acid ware added in the freeze-dried sediment

to oxidize the organic ' mount of oxidizable organic
matter in the . mend.. A éﬂ'ter back titration with

\ ediment Samples
‘ used for grain size

and Chemical ﬂn&lysis of

analysis according
Sediment (Agricult he organic matter in the

sediment sample is elimi # hydrogen peroxide (H O ). 5%

22
calgon was added dnto the sedi n the eondainer, and sediment was
transferred to VJ‘ = Wydrometer value of the

density read at the ‘demgned time scale, in

o “““d'ﬂ"li“tf’?ﬂﬂﬂ‘ﬁ"w gIN3

Bunma.r}r of the anflytical pemcedure for Gthe analysis of

petrot AN AUANRNDTall .

3.3.3 Bivalve Tissue

*this step, have been used

The analytical procedure for the determination of

petroleum hydrocarbons in bivalve tissues was presented in Figure 3-5.
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Freeze dried ~====) @Grain size and

SEDIMENTS Organic carbon content analyses

; ] %
(130.0g. approx.)+2 internal standards

(2-methyl octadecane nnd 1,1~ binaphthyl)

Soxhlet extraction (24 hrs) with
~.h;ne (300 ml.)

SILICA-CE] . 1.’#{‘.‘“ ]

F iﬂ( v
sulfur rémoy i/ C
*

fraction 1

HEXANE FRACTION { ¥ANE FRACTION

j
ALIPHATIC n&*nﬁw ‘n

tinternal staWdard
(2-met ' 1 .
RN

(GC-FID quantification) (GC-FID quantification)

WIS

‘}1nternal standard ----% UVF quantification

ANYIA Y

(GC/M5) (GC/MS)

Figure 3-3 A summary of analytical procedure for sediment samples.



Freeze dried
BIVALVES TISSUE

80

(20.0 g. approx.)+2 internal standards

TOTA M%A“SQ‘HEZEE

Solvent evaporatioy

I
Aqueous layer
|

SAPONIFIED FRACTION

discard

(2-methyl octadecane and 1,1-binaphthyl)

Soxhlet extraction and Saponification (24 hrs) into
to]uene 2 1 N. KOH in methanol (30:70 v/v 3 300 ml.)

kater (50 ml.)
S

T ’\\\\ (-

ONIFIED FRACTION

concentrated to 1 ml

[l CHROMATOGRAPHY

fraction 2

U

ALIPHATIC HYDROCARBONS
+internal standard
(2-methyl octadecane)

(GC-FID quanlification}

DICHLOROMETHANE/HEXANE
o FRACTION

AROMATIC HYDROCARBONS
+internal standard
(binaphthyl)

(GC-FID quantification)

Figure 3-4 A summary of analytical procedure for bivalve tissue.
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Bivalve tissues were carefully picked from their shells, homogenized
by high speed homogenizer and finally freeze-dried for about 28 hours.
Before extraction started, about 20 g. dry weight tissue were spiked
with 2-methyl octadecane and 1,1-binaphthyl as -internal standards

and soxhlet-extracted with 300 ml toluene : 1 N KOH in methanol {20:70

V/V) for 24 hours.

into hexane (4 timé
water. After evaporg
Xxtract was transler tube and evaporated
gently under a P e e ‘x;p ds were separated by
silica-gel/florisil ilica gel and florisil

were soxhlet-extracﬁ-d

4

nours, then allowed to air

dry in hood before used. acted silica-gel and florisil

were activated by he -f*s and deactivated by

AY espectively, Fifteen

irred anflisettled to a height of

spraying 5 and‘Qﬁ 
i |
grams of activateiﬁuilica ae

17.5 em and with Sedwent flow r&ee of E’il Iﬁ minute and the
Sl T,

florisil slu:@' uﬂlmﬂ n jﬂ
e A QN TR

above,

t 3 gram). Elution
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3.3.4 Beach Tar

After sand separation, beach tars were gquantified by
weighing to two decimal points and reported in weight per narrow strip

of 1 meter width (g/m).

&nns were measured from the

= A

03 wusing Duncan

current meter. €n, at three depths, i.e., near
)

surface (2m epbh, and near bottom (1-2 m

€\cofiducted at 25 consecutive
%

%

above the botte

sampling hours in/@ vcle. The hourly current

records were plottefl o thg,

/ ‘ T :
Meteorological Depa _f%
LA

and the progressive vector
‘rent and wind data support an

understanding qof th

'\

g of petroleum hydrocarbons

from the perio -\" o

]
AULINENINYINT
AN TUAMINAE
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